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* PREH'ACE 

Although many excellent text books on metallurgical analysis 
have been published and are extensively used, no special effort has 
been made to compile a work to meet the demand of an academic 
text book for the student and a general reference work for tb/ 
professional metallurgical chemist. The author has taken advantage 
of an experience extending over a period of twenty years, eight 
years as an intructor in chemistry and twelve years as a professional 
industrial chemist, to ascertain the requirements of a book suitable 
for an academic laboratory and the industrial plant. 

It is manifest that no one individual can claim equal proficiency 
in the subjects with which this book deals; the author^s work, 
therefore, is largely that of the editor in careful selection from the 
wealth of published information and the enlisting of specialists in 
direct ^contribution, or criticism of material selected. The latest 
edition of the author’s work “Standard Methods of Chemical 
Analysis” has been freely consulted and many of the procedures 
, appearing in this work have been used verbatim et literatim. In a 
great number of cases the general procedures have been modifiecJ) 
especially those methods designed for the instruction of the be- 
ginner. Suggestions are offered throughout the work that are de- 
signed to assist the instructor and student in making a selection of 
pjethods and the progressive order of this selection, but it is felt 
that the teacher is best able to judge the requirements of his stu- 
dents so that no attempt is made to dictate the course that should 
be followtid. • 

The alphabetical arrangement adopted in Standard Methods of 
Chemical Analysis has been adopted in this book, as the author 
believes that^this facilitates accessibility to information given* The 
introductory, chapter has been written more for the student than for 
the professional, but it is believett that the subjects presented ^ere 
will prove of value to those possessing a more extended experience 
in analytical cl^inistry. 

Each chapter, dealing with the elements, has an introductory 
section devoted to the occurrence of the material in nature, an# 
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brief descriptions of the important minerals in which each sub- 
stance is found. The characteristics of the elements are given and 
the best methods by which they may be detected. Following this 
section arc the procedures for decomposition and solution of ma- 
terials in which tlie elements commonly occur, and methods of 
quantitative isolation. The general procedures now follow under 
classification of “Gravimetric Methods,” “Volumetric Methods,” 
“Industrial Products and Raw Materials” and methods for deter- 
mining small amounts of the element. The procedures have been 
selected on account of their proven value for accuracy, ease of 
manipulation and rapidity. 

In conclusion the author wishes to express his appreciation of the 
valuable assistance and cooperation of many, whose names appear 
throughout the book. The chapters on water analysis, analysis of 
gas, analysis of coal, file assay of gold and silver, calibration of 
apparatus, methods of sanqfiing, etc., have be<ni contributed by men 
of broad experience in these subjects. Special mention is made of 
Dr. F. M. Van Tuyl, Professor of Geology, (k)lorado School of 
Mines, for his review and criticism of sections dealing with minerals; 
Prof. I. A. Palmer, Department of Metallurgy (C. S. M.) for his 
review of the chapter on “Slag Analysis”; Prof. A. H. Low, De- 
partment of Chemistry, (C. S. M.) for many helpful suggestions; 
atnd Dr. F, E. Hale, Department of Water Supply, Gas, and Elec- 
tricity, New York City, for his assistance in proof reading of the 
entire work. 

AVilfred W. Scott. 

Golden, Colorado 

June, 1923. ^ 
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tion — ^ apparatus used in decompositions, Erlenmeyer and Low's 
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game — carbonates, oxides, semi-metals, metals, silicates, sulphides, 
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PART II 

ANALYTICAL METHODS 
ALUMINUM 
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sodium thiosulphate, alizarine. Suggestions for experimental work. 
Preparation and solution of the sample, separations. Gravimetric 
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notes; precipitation of aluminum as phosphate. Industrtal products 
and raw materials — colorimetric estimation of small ^,mouQts of alu- 
minum; bauxite analysis— sampling, extraction of ores of aluminum for 
their commercial valuation, the insoluble residue, soluble 'alumina, 
soluble iron, silica, titanium oxide, iron and alumina. Volumetric 
determination of available alumina in bauxite and clays. Analysis of 
metallic aluminum — fusion method^ graphitic silicon, iron; determina- 

tioL pf aluminum in iron and steel.. Pages 75 to 88. 

* 

ANTIMONY 

Descriptive, occurrence, minerals — native antimony, stil>ni1fe, other 
* minerals. Detection— general procedure, hydrogen sulphide test, min- 
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eral8, hydrolysis, traces of antimony, distinction between anliinony 
and arsenic •salts. Suggestions for experimental work. Cravi metric 
methods. Volumetric methods— permanganate method, preparation and 
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mony in alloys — potassium broipate method, standard solutions; 
iodine oxidation method. Industrial products and raw material^ — 
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method, arsenic in sulphuric acid, load arsenate. Preliminary con- 
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* method— preparation of reagents, preparation of the sample — acidr^ 
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elements* from alkaline earths — oxalate method, sulphate method, 
separation of alkaline earths from one another — barium from strontium 
and oftlcium, ‘sfi-ontium from calcium, barium and strontium from 
calcium, barium from strontium. ^Methods for determining barium: 

• Gravimetric methods — determination as sulphate, as chromate, «(Su- 
bility of chromate. Volumetric methods — titration with dichromate, 
titration w^th fermanganate, potassium iodide method.* Industrial 
products and raw materials— analysis of barites and witherite. Pages 
115 to 130 inclusive. 
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* . * 
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ite, anhydrite, gypsum, etc. Detection — general procedure, ^flame test, 
spectrum. Rapid preliminary examination. Suggestions for fiie stu- 
dent. Gravimetric determination fey precipitation as oxalate and 
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ignition to oxide, solution of the sample — separations and procedure 
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in bleaching powder, in cement, copper and copper orc«, chlorine, 
bromine and iodine in a mixture. Pages 207 to 217 inclusive. 
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general procedure, test by barium salt, lead, mercury or silver salt, 
hydrogen peroxide, reducing agents, ether. Methods for determining 
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Vk t 
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sulphide and oxidized ores and matte, metals. Methods of isolation of 
copper, thiocyanate method, separation as metal. Deptskion of eppper 
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— small and large portion methods, notes and precautions. Volu- 
metric methods — potassium iodide method, volumetoic method for 
ores; ferrocyanide method for small amounts of copper, ammonia 
'method. Industrial products and vaw materials, copper in refined 
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XVI 


CONTENTS 


metric method by precipitation as lead molybdate. Volumetric 
methods — Jones’ reductor-perinanganate method. Industrial products 
and raw materials — wulfenite or molybdenite analysis, molybdenum 
and vanadium in the same solution. Pages 387 to 397. 

NICKEL 

Descriptive, occurrence, miner als — millerite, riiccolite, garnierite, 
other minerals. Detection — general, by dimcthylglyoxime, alpha benzil- 
dioxime. Methods — preparation and solution of the sample — general 
procedure for ores, fusion methods, solution of nickel and alloys. 
Gravimetric determination by dimcthylglyoxime, iirecipitation by 
electrolysis. Volumetric potassium cyanide method. Industrial 
products and raw materials — nickel in alloys, in nickel plating solu- 
tions. Pages 398 to 409. 

NITROGEN 

Descriptive, occurrence, clement, air, free, total and combined. 
Detection, element, organic nitrogen, in gas, ammonia, salts, nitric 
acid, diphenylamine and copper tests, nitrous acid, permanganate 
test, nitrate in a nitrite salt. Procedures for tin? determination of 
combined nitrogen-ammonia by gravimetric intdliod as phitinocliloride 
salt; nitric acid and nitrates by gravimetric procedure as nitron 
nitrate. Nitrogen in soil extracts, — Vamari-Mitseherlich-Devarda 
method. Determination of nitrogen nitrates by nitrometer mcithod. 
Nitrites by Buovold’s method, volumetric permanganate method. 
Pages 410 to 420. 

OSMIUM 

Descriptive, Detection — general procedure,, hydrogen sulphide, 
sodium sulphite, phosphorus, mercury, stannous chloride. .Gravb 
metric method. Pages 421 to 424. 

OXYGEN 

Properties and occurrence. Determination of oxygen in steel. 
Determination of free oxygen in gas — phosphorus and pyrbgallate 
methods. Pages 425 to 428. 

PALLADIUM 

fc^iscriptive. Detection, general procedure, by alkalies, ammonia, 
sulphur dioxide, cuprous chloride,* mercuric cyanide, potassium .iodide, 
etc. Gravimetric methods — preparation and solution %)! tjjie sample, 
separations from platinum, iridium, silver and gold. Methods-*^gravi- 
. metric. Pages 429 to 432. • 



CONTENTS 


xvii 


PHOSPHORUS 

Descriptive, occurnMicc, minerals — apatite, wavcllite, wagncrile, 
vivianite; typical analyses of bone ash and phosphate rocks. Detec- 
tion — element, acids; comparison of ortho, meta and pyrophosphoric 
acids. Methods of analysis, prefiminary remarks, preparation and 
solution of the sample, iron ores, phosphate rock and minerals; iron 
and steel, ores containing titanium. Gravimetric methods — precipita- 
tion of ammonium phosphomolybdate, determination as magnesium 
pyrophosphate. Volumetric methods — alkalimetric method, method for 
copper alloys, method for steel; zinc reduction and titration wii,h 
potassium permanganate; determination of free phosphoric acid. 
Pages 433 to 447. 

PLATINUM 

Descriptive, occurrence, minerals — native platinum, sperrylite, 
alloys. Detection, reagent tests. Methods of analysis — preparation 
and solution of the samide, ores, platinum scrap, platinum in iron 
scale; separation from gold, iridium, palladium, ruthenium, rhodium 
and osmium. Gravimetric methods — weighing as metal, as salt, as 
metal by electrolysis. Industrial products and raw materials — assay 
of plafinum ores, platinum and palladium in refined silver, copper 
anode slimes, platinum and palladium in gold. Pages 448 to 459. 

POTASSIUM, SODIUM and OTHER ALKALIES 

Descriptive. Potassium — occurrence, minerals. Detection — generj^l 
procedure, detection of alkali hydroxides and carbonates. Preparation 
and solution of the samjde — rocks and insoluble mineral products, 
soils, fertilizers, plant ash, saline re.sidues and brines. Separation of 
the alkali metals frolic other constituents — iron, aluminum, chromium, 
etc., the alkaline earths, from boric acid, from magnesium by barium 
hydroxide jind arnmoniura phosphate methods; separation of the 
alkalies from one another. Methods — modified chlorplatinate method, 
the chloi^latiiTate, Lindo-Glading method, the perchlorate method. 
Pages 460 to 469. 

Sodium,. Occurrence, minerals — halite, borax, cryolite, soda nitre, 
etc. Detection, general procedure. Preparation and solution of the 
samplb. Methods — iletermination as chloride, determination as sul- 
phate, determination by dilTerene^, J. Lawrence Smith method^ for 
alkalies in silicates, hydrofluoric ach^ method. Pages 470 to 475.' 
Lithium. Occurrence, minerals — spodumene, Icpidolite, amblyggnite, 
etc. Deteftiori^—general procedure. Methods — Gooch method, Ram- 
melsbefg method, determination as chloride, as sulphate, spectroscopic^ 
method. Combinations — sodium potassium and lithium; sodium and 



xviii CONTENTS 

f 

potassium by indirect method; magnesium, sodium and potassium. 
Pages 476 to 480. * 

Rubidium and Caesium, Occurrence. Detection. Page 481. 

u 

RADIUM 

Descriptive, detection. Estimation — the alpha ray method ; emana- 
tion method — example and calculation by carbonate fusion, bisulphate 
fusion; the gamma ray method. Methods for solution. Table of 
radium recovery. Pages 482 to 491. 

RHODIUM 

Descriptive. Detection by special reagents. Methods of analysis 
— preparation and solution of the sample. Separation from platinum, 
iridium, palladium, ruthenium. Gravimetric method. Pages 492 to 
494. 

RUTHENIUM 

Descriptive, detection by special reagents. Methods of analysis 
— preparation and solution of the sample, neparations from platinum, 
iridium, rhodium and osmium. Gravimetric method for determining 
ruthenium. Pages 495 to 498. 

SELENIUM and TELLURIUM 

Descriptive, occurrence. Detection — general, detection of selenium, 
detection of tellurium. Methods of analysis — preparation and sohition 
of the sample — selenium, tellurium, fusion method; separation of 
selenium and tellurium from the iron and JAiic groups, from the 
alkaline earths and alkalies, from silver and from gold. GraVimetrk 
methods — selenium precipitation with sulphur dioxide, reduction to 
metallic selenium by potassium iodide method. Tellurium — determi- 
nation of tellurium, determination where selenium is not desired. In- 
dustrial products and raw materials — commercial selenium, tellurium. 
Pages 499 to 507. 

SILICON 

Descriptive, occurrence, minerals? of silica — silicates undecomposed 
by ‘acids, silicates decomtx)sed by acids. Detection — general procedure. 
Methods — preparation and solution of the sample — general considera- 
tions, procedure for decomposition of silicates not decoAposfd by acids, 
carbonate fusion. Procedure for the determination of silicon arrtl silica, 
estimation of true silica. Industrial products and raw materials — 



CONTENTS xix 

analysis of silicate of soda, analysis of sand for con^mercial valuation. 
Pages 508 to 516. ' 

SILVER 

a 

Descriptive, occurrence, minerals— native silver, argentite, hcssite, 
proustite, pyrargyritc, ccrargyrite, other minerals. Suggestion to 
students. Detection of silver — wet method as chloride, other tests. 
Gravimetric methods — as silver chloride, as silver cyanide, electrolytic 
methods — Volhard’s thiocyanate method, Guy-Lussac method, appa- 
ratus for the same, Denver Mint method. Pages 517 to 530. 

^ STRONTIUM 

Descriptive, occurrence, minerals — strontianite, cclestite. Detec- 
tion, — sulphate test, flame test, spectrum. Methods of analysis — 
preparation and solution of the sample; separation from magnesium 
and the alkalies, from calcium, from barium. Gravimetric methods — 
determination as sulphate, as oxide. Volumetric alkalimetric method. 
Pages 531 to 535. 

SULPHUR 

Descriptive — clement, sulphur dioxide, hydrogen sulphide, sulphide 
and sulphate ores. Detection — element, sulphides, sulphates, sulphites, 
thiosulphates. Methods of analysis, preparation and solution of the 
sample, element, sulphide, sulphate, thiosulphate, sulphite; decompo- 
^sition of sulphur ores, fusion method; sulphur in rocks, silicates, insol- 
uble sulphates; Eschka’s method for sulphur in coal; water soluble 
salts; substances containing iron. Separation from metals forming 
insoluble sulphates, from nitrates, chlorates, silica, ammonium and 
alkali salts. Gravimet*ac determination by precipitation as barium 
sulj)hate. from hot solution, j)recipitation from large volume in cold 
solution, notes and precautions. Evolution method for determining 
sulphur in iron, steel, ores, cinders and metallurgical products. Free 
sulphur irs a n^xture. Industrial products and raw materials — brim- 
stone, sulphuric acid gases, sulphur dioxide in burner and contact 
gases. Scott’s gas analysis apparatus. Pages 536 to 558, 

. , TANTALUM and COLUMBIUM 

Descriptive, occurrence, columbite and other minerals. Detection — 
general procedure. Methods of analysis — preparation and soluticn'''*of 
the sample — tantaliferous minerals, isolation of columbium and tan- 
talum oxidrs, lomoval of tin, antimony and silica; separation of 
columbihm and tantalum, by the selenium oxychloride method. Pages 
559 to 563. 



XX 


CONTENTS 


THORIUM 

Descriptive, occurrence. Detection. Preparation and solution of 
the sample — silicates, phosphates, oxides. Gravimetric method; mi- 
nute amounts of thorium by Jolly's method. Thorium in monazite^ 
sand. Pages 5G4 to 570. * 

TIN 

Descriptive, occurrence, minerals — stannile, cassiterite. Detection 
— general procedure. Gravimctrii; methods — preparation and solution 
of the sample — assay of tin b 3 '' c^'aiiidc process, sodium carbonate 
method, notes on separations. Gravimetric det?rmination of tin in 
alloys. Volumetric determination of tin — iodide method of Lessen- 
Baker. The Sellar's apparatus for tin determination. Volumetric 
method for tin in alloys. Industrial products and raw materials — 
bichloride of tin — stannic acid method, Acker process method, bi- 
chloride of tin determined as sulphide. Pages 571 to 585. 

TITANIUM 

Descriptive, occurrence, minerals — rutile and other minerals.* Detec- 
tion — hydrogen peroxide, morphine, zinc, siiljihur dioxide tests, bead 
test on charcoal. Methods — preparation and solution of the sample — 
element, oxides, salts, steel, alloys, ores, titaniferous slags; separations^ 
Jrom interfering substances — copper, zinc, aluminum, iron, alkaline 
earths, etc. Gravimetric methods — modified Gooch metliod, determina- 
tion in ferro-carbon titanium. Volumetric methods — ferric-perman- 
ganate method, ferric method; colorimetric hydrogen peroxide method. 
Industrial products and raw materials — titanfferous ores — determina- 
tion of titanium, determination of iron in presence of titaniuAi, deter- 
mination of silicon, aluminum, phosphorus; analysis pf titanium 
pigments. Pages 586 to 601. 

TUNGSTEN 

Descriptive, occurrence, minerals — wolframite, scheelite. Suggestion 
to students. Detection — minerals, iron, steel and all(fy^«f. Methods of 
analysis — solution of the sample m^tal, oxides, acids, minerals; separa- 
tion iof tungsten from silica, tin^ titanium. Gravimetric procedures — - 
determination of tungsten in steel and alloys; optional jnethod. 
Tungsten iA tungsten metal and ferro-tungsten. I^terfnination in. 
ores and concentrates; aqua regia method of Watts; voTumetric 
method. Pages 602 to 613. 



CONTENTS 


XXI 


URANIUM 

Descripti\e, occurrence — uraninite (pitchblend), carnotites and 
other minerals. Detection — uranous salts, uranyl salts; potassium 
fcrrocyanide test, other tests. Methods of analysis — preparation and 
solution of the sample, solution of ores, carnotitc. Gravimetric deter- 
mination as the oxide (Low), glacial acetic acid method (Scott). Yoju- 
metric determination by reduction and oxidation. Pages 614 to 622. 

VANADIUM 

Descriptive, occurrence, minerals — patronitc, vanadinite, roscoelite 
and other minerals. Detection — by sulphide, reducing agents, per- 
oxide, ammonium chloride; comparison of vanadium and chromium 
salts, detection of vanadium in steel. Methods — preparation and 
solution of the sample — element, oxides, ores, general procedure for 
decomposition — high and low silica ores, alloys. Gravimetric method 
by precipitation as lead acetate. Volumetric procedures — perman- 
ganate method, by titration of V 2 O 4 and V 2 O 2 . Vanadium in ores, 
mine and crude mill samjdes, optional method, lead acetate method. 
Determination more than one constituent in the same sample, i.c., Mo 
and Vi;^ V, As and Sb; V in steel; V and Cr in steel. Pages 623 to 635. 

ZINC 

Descriptive, occurrence, minerals — sphalerite, zincite, smithsonite, 
^ willcmite, calamine, franklinite, zinc. Suggestion to students. Detec- 
tion — general procedure, ferrocyanidc test, blow pipe test. Methods— 
preparation and solution of the sample — solubility, salts, ores, prelim- 
inary procedure, moisture in pulp; general procedure, refractory 
materials, nniterial with carbonac(^ous matter, material containing 
metallics; separation 7rom interfering substances, iron, aluminum, 
HKinganese, cobalt and nickel. Gravimetric methods — weighing as 
oxide, as splphate, as phos})hate, electrolytic methods. Volumetric 
methods — ferrocyanidc method with internal indicator, notes on 
method; 7apid*^fcrrocyanide method for ores. Industrial products and 
raw materials — zinc in zinc dust. Small amounts of zinc by colori- 
metric method. Pages 636 to 654. 

ZIRCONIUM 

Descriptive, occurrence, minerals — zircon. Detection — general pro- 
cedures. Methods — preparation and solution of the sample — mali^rlals 
with large amount of silica, general ^lethod for minerals, oxides, etc. 
Gravimetric m»jl>hods — salts, ores, determination as phosphate, con- 
ditions «of accuracy; determination as oxide, determination as oxide 
in presence of iron oxide. Pages <655 to 659. 



xxu 


CONTENTS 


PART III , 

ACIDIMETRY AND ALKALIMETRY 

Introductory, indicators, tables. Ultimate standards — preparation* 
of pure sodium’ carbonate; prepHration of standard acid — sulphuric 
acid, normal, fifth normal, tenth normal acids; standard hydrochloric 
acid, benzoic acid; standard caustic solution. Standard burettes, 
titration of acids and alkalies. Acids — methods of weighing, dilute 
and strong acids non-volatile and volatile; apparatus used in weighing 
*cids — Lunge-Ray pif)ette, Dely tube, snake tube, Rurkhard bunittc, 
glas.s bulb. Inorganic atdds — analy.sis of muriaiic acid determining 
acidity, sulphuric acid, specific gravity. Analysis of sulphuric acid. 
Alkalies — analysis of sodium hydroxide, total alkali, sodium hydroxide, 
sodium carbonate, strength of li(iuors by hydrometer test. Potassium 
hydroxide. Determination carbonate and bicarbonate in presence of 
each other. Analysis of aqua ammonia. Volumetric estimation of 
free acid in presence of iron salts. Images bbl to 6S1. 

ALLOYS 

Descriptive. Table outline of separations. Analysis of tyiii' metal, 
solution, lead, copper and iron, antimony, tin, arsenic. Analysis of 
brass and bronze, solution, tin, arsenic, antimony, lead, copper, iron 
and zinc. Copper and lead by electrolytic method. Pages 682 to 68W. 

• SLAG ANALYSIS 

Introduction, composition of slags. Decomposition of sample — 
general reverberatory slag, chilled blast furnace slag, lime, iron. Other 
constituents of slag — alumina, manganese, Jiinc, magnesia, copper. 
Electrolytic and iodide methods for copper. Pages 690 to 096. 

THE FIRE ASSAY FOR GOLD AND SILVER 

Definitions — fire assaying, metallurgical products# Goiieral out- 
line — reagents, furnaces and equipment, the assay — ton system, sam- 
pling, balances and weights, the crucible assay; lead reduction with 
oxidized ores, with sulphide ores; amount of litliarge, of carbonate, 
of borax glass; assay slags. Weighing and mixing the* chargcf, fusing 
the charge, crucible charges. The scorification assa.f, ’ cupellation, 
parting. The assay of bullion. xTie assay of gold and silver bullion;, 
silver bullion or Dor6 bullion Sssay, lead ratio in cupqllation; gold 
bullion assay, U.S. Mint method. . The assay of c|ianii|e solutions, 
evaporation in lead, tray, the Chiddey method, special method of 
^ assay. Pages 697 to 718. 



CONTENTS xxiii 

METHODS FOR ANALYSIS OF COAL 

Introduction, sampling, preparation of sample for analysis. 
Methods of analysis, moisture, ash, volatile combustible matter, 
volatile sulphur, turbedimetric table, fixed carbon, calorific value, 
calculation of B.t.u. standardization of the calorimeter. Determina- 
tion of fusibility of coal ash. Conversion of percentages of constitu- 
ents in a substance from one moisture basis to another, from dry to 
wet basis or vice versa. Pages 719 to 735. 

WATER ANALYSIS 

Introduction. Mineral analysis — outline of procedure, silica, iron, 
aluminum, calcium, magnesium, sulphate, sodium and potassium, 
alkalinity, acidity, free carbonic acid, chlorine, ammonia and its com- 
pounds, hydrogen sulphide, oil, dissolved oxygen Winkler method, 
hardness. Methods of reporting and interpretation. Water soften- 
ing, foaming and priming, corrosion, scale, irrigating waters. Hypo- 
thetical combinations. Pages 73H to 753. 

GAS ANALYSIS 

Sampling, tubes, containers, measurement of gas in large quan- 
tities, wet meter, pitot tube, formula for calculating velocity, the 
orifice meter, the anemometer, the gas flow meter; measurement of 
gas in small quantities, the Ilempel gas burette, separatory funnel 
'and graduate. Analysis of gas mixtures, Orsat apparatus descrip- 
tion and manipulation; determination of carbon dioxide, oxygen,^ 
carbon monoxide, hydrocarbons; accuracy, time required. Chimney 
and flue gases, carbonic acid indicators, determination of temperature; 
composition of coal, logs duo to carbonic oxide, smoke. Producers 
and fuel gases, blast furnace gas. Mine gases. Electrolytic gases. 
Atmospheric air, moisture, carbon dioxide, ozone, carbon monoxide, 
bacteria. Calorific power of various gases table. Gas reagents. 
Pages 754* to 7^. 

REAGENTS USED FOR PRECIPITATIONS AND VOLUMETRIC 
DETERMINATIONS 

Introduction.* Reagents — acetic acid (glacial), alcohol, alizarin S, 
ammonium acetate, ammonium carbonate, ammonium chloride, am- 
jnonium molybdate, ammonium nitrate, ammonium oxalate, an>!nb- 
nium phosphate, ammonium sulphate, ammonium sulphide, ammonium 
polysulphidc/ autmonium thiocyanate, arsenic, arsenite,’ antimony 
solution, « barium chloride, barium hydroxide, alpha benzildioxime, 
benzidine hydrochloride, bromine*, bismuth sol., calcium chloride, 



XXIV 


(X)NTENTS 


calcium hydroxide, cinchonine, cinchonine potassium iodide, copper 
sulphate — alkaline tartrate sol., citric acit^ caustic, Devarda^s alloy, 
dimethyl — Rlyoxime, diphenyl carbazidc, Fchling’s sol., ferric chloride, 
cuprous chloride acid and ammonhical, ferrous suliiliatc, hydro- 
chloric acid, hydrogen piu'oxide, iodine sol, lead acetate, magnesia * 
mixture, manganous sulphate, mercuric chloride, mercuric chloride 
paper, methyl red, ncssler’s sol., nitric acid, palladous chloride, 
paraffin, peroxide, potassium dichromate, potassium chromate, potas- 
sium ferri and ferrocyanide, potassium fluoride, potassium hydroxide, 
potassium iodide, potassium permanganate, potassium thiocyanate, 
potassium pyrogallatc, sodium chloride, silver nitrate, silver (pure) 
sodium bismulhate, sodium carbonate, sodium hydroxide, (water and 
alcoholic sol.) sodium sulphide, sodium mctabisulpbite, sodium thio- 
sulphate, sulphuric acid, stannous chloride, starch sol., preservatives 
of starch sol., tartrate sol., thymol sol., mne (amalgamated). Prepara- 
tion and uses of chemical indicators — methyl orange, phenolphthalcin, 
rosolic acid, cochineal, phenacctolin, lacmoid, turmeric paj)er. Pages 
775 to 799. 

STANDARD LABORATORY APPARATUS 

Volumetric apparatus— prcparal ion of apparatus; stop-cock^ grease, 
measurement capacity-direct measurement, calculation from weight 
of water; flasks, burettes. Table of buoyancy constants, density . 
table, table of apparent weight in air. Standardization of woiglits— 
introduction, standardization— first method, second method, adjust-* 
^ment of weights, third method, effect of l)Uoyancy, precision and 
tolerance of weights. Pages 800 to 815. 


Index v 853 

REraRENCES 831 



LIST OF ILLUSTRATIONS 


FIGURE page 

1 . Apparatus for Sampling Solids 24 

2 . Method for Sampling Ores 27 

3. Jaw and Toggle Crusher - 28 

4. Crusher and (Jrinder in Ooss Section 20 

5. Roll Grinder for'''Hrittlc Material 30 

6 . Roll Grinder with Case Lifted to Show Interior 30 

7,8,9,10. Types of Grinders and Pulverizers 31 

11 , 12 . Riffle Samplers 32 

13,14. Drying Ovens 35 

15. Vacuum Drying Oven 30 

16. Beam of an Analytical Balance 37 

17. Scale Balance 38 

18. Base of Balance Case 38 

19. Analytical Balance 30 

19a. Box of Weights 41 

20. Beaker 42 

21 . Erlenmeyer Flask 42 

22 . Low^s Flask 42 

23. Casserole 43 

24,25,26,27. Filtering Apparatus 57 

28. Cone Filter 58 

29. Paper Filter Showing Folding 58 

30. Method of Filtering 58 

31. Filtration with Gooch Crucible 59 

32. Bunsen Burner 61 

33. Meku' Burner 61 

34. Blast Lamp 61 

35. Flame Showing Zones of Heat 61 

36. Electric Furnace 62 

37. Platinum Gwicible 62 

38. Porcelain Crucible 62 

39. Pipestem Triangles " ’^63 

40. Desicca^^r ' 64 

41. Metho(^ of Pleading Burettes 65 

42. Apfparatus for Determining Moisture 67 

43. Fitzpatrick Apparatus for Detefrmining Traces of Antimony . . 96 

XXV \ 



XXVi LIST OF ILLUSTRATIONS 

FIGURE PAGE 

44. Knorr Arsenic Distillation Apparatus . « 102 

45. Purification of Hydrochloric Acid 110 

46. Gutzeit Apparatus^ for Arsenic Determination 114 

47. Distillation of Methyl Borate 146 

47b. Apparatus for Distillation of Boric Acid 147 

4i8. Distilling Apparatus for Boron 150 

49. Apparatus for Detection of C'adinium 159 

50. Apparatus to Test for Carbonate 179 

51. Chilled Steel Mortar 180 

'^52. Geisslcr Bulb 181 

53. Liebig Bulb y 181 

54. Gerhardt Bulb 181 

55. Vanicr Bottle 182 

56. Fleming's Apparatus for Determining Carbon by Combustion . 183 

57. Fleming Absorption A[)paratus 184 

58. Stetser and Norton (U)nil)Ustion Train for Carbon Determina- 

tions 187 

58a. Hutchinson-Weirick Combustion Bulb 1S8 

59. Boat and Holder for Carbon Determination 189 

60. Hot Water Rack for Test Tubes . 190 

61. Carbon Tubes 191 

62. Color Comparator or Camera 191 

63. Apparatus for Determining Carbon Dioxide 193 

64. Schroetter^s Alkalimeter 194* 

^ 65. Mohr’s Alkalimeter 194 

66. Barker’s Hydrometer 196 

67. Victor-Meyer Bulb 197 

68. Solenoid for the Rotation of the Electrolyta 245 

69 and 69a. Riffler Sampler . 248 

70. Constant Temperature Bath and Dividing Pipette 249 

71. Hydrometer- jar-shaped glass ! . . . 250 

72. 400 cc. Beaker t . . « . . 257 

73. Combustion Furnace, Hinged Type 257 

74. Hanging Drop Test for Fluorine ' . . 260 

75. Etching Test for Fluorine 261 

75a. Zeisse Binocular Microscope 262 

76. Fluorine Apparatus '..... 267 

7>. ^Fluorine Chart for Determining Percentage 268 

77a. Fluorine Chart, Ratio of Dc?pths of Color ^. . . . 269 

78. Apparatus for Determining Tracey of Fluorine . . ^ ^ . 271 

78a. A Chessel Stop-cock Remover • . 274 

‘ 79. Apparatus for Determining Hydrogen in Steel 287 



LIST OF ILLUSTRATIONS 


xxvii 


FIGURE 


PAGE 


80. Apparatus for Determining Leaks in Combustion Train .... 

81. Apparatus for Determining Iodine 

82. Jones Reductor 

83. Apparatus for Stannous Cliloridc Titration of Iron 

84. Hurley's Colorimeter 

85. Dividing Pipette ... 

86. Duboscq Colorimeter 

87. Sulphur Extraction Apparatus 

88. Apparatus for Determining Mercury 

89. Reductor Tube 

90. Mitscherlich’s Apparatus for Nitrogen Determination 

91. Davisson's Scrubber 

92. Nitrometer 

93. Apparatus for Determining Oxygen in Steel 

94. Gas Apparatus for Determination of Oxygen 

95. Explosion Pipette 

96. J. Lawrence Smith Apparatus for Determining Alkalies .... 

97. Alpha Ray Instrument for Determining Radium 

98. Radium Determination Boat 

99. Apparatus for Determining Radium 

100. Radium Apparatus 

101. Radium Apparatus 

102. Gamma Ray Apparatus 

103. Apparatus for Detecting Silicon 

104. Guy-Lussac Apparatus for Determining Silver 

105. A 5 cc. Pipette, with 1 cc. graduated 

106. Method of Evaporating Sulphur, Decomposed, Materials . . . 

107. Precipitation of Barium Sulphate, Apj^aratus for 

103. Apparatus for Filtering Barium Sulphate 

109. Scott’s /.pparatus for Determining Sulphur in Iron and Steel 

1 10. Ignition of Sulphur Compounds with Fixing Reagents .... 
110a. New Standard Apparatus for Determining Sulphur in Iron and 

Steel by Evolution Method 

111. Sander's Extraction Apparatus 

112. Portable Reich Apparatus 

113. Scott's Gas Analysis Apparatus 

114. Sellars’ Apparatus 

115. Apparatus for the Volumetric Determination of Tin in Alloys, . 

116. Apparaty.s for Determining Zinc in Zinc Dust 

117. Chart for Volumetric Determination of Zinc 

118. Oven for Constant-Temperature 

119. Chamber Burette for Volumetric Analysis 


288 

295 

319 

322 

325 

325 

358 

383 

385 

393 

415 

416 

417 
425 

427 

428 
473 
482 

484 

485 

486 

488 

489 
509 
525 
529 

544 

545 
545 

548 

549 


550 

552 

554 

558 

5*^9 

581 

650 

652 

664 

668 



xxvm 


LIST OF ILLUSTRATIONS 


FIGURE page 

120. Burettes for Volumetric Analysis . . . ' . 668 

121. Lunge-Ray Pipette 671 

122. Dely Weighing Tul^c in Operation 671 t 

123. Snake Tube. t : .... 672 

124s Burkhard Graduated Weighing Burette 672 

125. Hydrometer 675 

126. Oil Muffle Furnace 699 

127. Muffle Furnace 700 

^^8. Cross Section of Two-Muffle Assay Furnace 701 

129. Apparatus for Fire Assay — Moulds, Tongs, Pliers, Flask . . . 702 

130. Apparatus for Fire Assay — Cupel, Muffle, Crucible, Scorifier 703 

131. Assay Balance for Small Weights 704 

132. Apparatus for Quartering and Pulverizing Coal .... 720 

133. V. C. M, Apparatus — Coal Analysis . . 722 

134. Emerson Calorimeter and Accessories ... 727 

135. Hoskins Electric Furnace, Optical Pyrometer 732 

135a, b, c. Apparatus for Coal Analysis . . .... 735 

135d. Platinum Evaporating Dish ... 736 

136. Gas Sampling Apparatus 754 

137. Gas Sampling Funnel Flask . .... 755 

137a. Ozone Co. Laboratory Unit 756 

138. The Pitot Tube for Measuring Gas Flow . . .... 757 

139. Gas Flow Meter 758^ 

J40. Elliott Gas Burette . 759 

141. Orsat Gas Apparatus 760 

142. Sling Psychrometer 769 

143. Water Vapor Tension Chart 769 

144. Carbon Dioxide Absorption Apparatus . . * 770 

145. Wolff Absorption Tube ! . 7^2 

146. Blood Spectra in Testing for Carbon Monoxide ........ 772 

147. Hydrogen Sulphide Gas Generating Apparatus 783 

148. Volumetric Measuring Apparatus f . . 801 

149. Morse-Blalock Apparatus for Calibrating Flasks ^. . 804 

150. Volumetric Calibrating Apparatus 806 

Plate I. Arsenic Stains, Gutzeit Method th face page 109 

PUkTjp II. Ernksions — Spectra “ “ 116. 





METALLURGICAL ANALYSIS 


5 


VOLUMETRIC METHODS 

§6. 1. In voUiiuctric mcilio(ln tho qiianiily of the substance may 
be determined by addinj; to its solution, by means of a calibrated 
burette, a solution containing a known amount of reagent per cc. 
(standard reagent, see § 28) in sufl'cieiit quantity to completely react 
with the total amount of the substance in solution. In many cases .an 
excess of the standard reagent is added and its excess determined by 
back titration ” with another standard reagent which combines with 
the first, but does not interfere with the product formed by the first. 
Addition of a standard solution is spoken of as “ titration.” 

2. The End-point. — The exact moment when the desired reaction 
is complete is recognized by a sudden change of color in the solution 
(or by electrometric methods, see § 6, III.) This color change is 
produced ; 

(a) By means of an added indicator which reacts with the reagent 
at the moment when a trace of excess is added to the. solution over 
that required to completely react with the substance titrated. In 
other words the reagent has a selective a.ction, as it reacts with the 
indicator only when the compound titrated has been disposed of. 

{h) By nmms of an “ external ” indicator. Tills is placed in a 
series of droi)s on a glazed surface, a tile with a number of pits or 
dc[)ressi ^ns, each holding about 0.2 cc. of liquid, or on a white sheet of 
paper dipi.ed in paraffin. The reagent is added to the solution ti- 
trated until a drop of the mixture produces a color change with a 
drop on the indicator on tho glazed surface. This is usually abrupt, 
so that the titration is conducted very cautiously at the end. 

(c) Tho reagent acts as its owm indicxitor. When the amount required 
for complete reaction has been added with a trace of excess the 
color of the reagent becomes evident. Exaiiqiles of this are seen in 
the pink potassium permanganate and the yellow iodine reagents. 

§ 6. yolumetric methods may be conveniently classified as follows: 
■*1. A. Acidimetric-Alkalimetric or Neutralization Methods. — The 
procedures depend upon the neutralization reactions of acids and bases, 
an indicator being added to the solution titrated. 

Examples: ^ 

Acidimeliy NaOII (sought) + HCl (standard) =* H^O + NaCl 

Alkalimetry II 2 SO 4 + 2NaOH ” = 2 H 2 O + Na 2 S 04 

(a) fOccasion^vlly more than one indicator is required. For example 
in the titration of sodium carbonate wc may have a mixture of NaOH 
and NaaCOs. By adding phenol phthaleiii the color change takes ^locc 
when the following reaction occurs: 

Phenolphthalcin ^ (NaOH + HCl) and (NajCOs + HCl) =* (NaCl 
+ H 2 O) and (NaHCOa + NaCl) 

Now methyl orange is added, NaHCOs + HCl =’ NaCl + H 2 O + CO 2 
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It is thus possible to determine one or more constituents in a mix- 
ture by volumetric methods. 

B. Volumetric Solutions in Neutralization Methods. Methods for 
Making Solutions of Airproxunate Strength ,, ivithout the Use of Balances. 

1. Frequeritly it is necessary to make up solutions of an approxi- ^ 
mate strength for use in making up standard solutions. 

Unless the word volume is used, percent means percent by weight. 
For example a 50% solution of sulphuric acid contains 50 grams of 
sulphuric acid and 50 grams of water per 100 grams of solution.' 

2. To Make a Solution of a Required Strength without Weighing. 

Rule. — Acid Solutions. 


(a) Find the specific gravity of the reagent to be used. 

(5) From the tables in a chemical handbook (“ D. Van Nostrand 
Chemical Annual,” “ Standard Methods of (Uiemical Analysis ”) find 
out the percentage of the compound corresponding to this specific 
gravity. 

(c) The specific gravity in terms of grams is the weight of 1 cc. 

(d) Multiply the specific gravity b}^ of the percentage to find 
the weight of the compound in 1 cc. of the reagent. 

(e) Calculate the cc. of the reagent reciuircd to give in grams the 

percentage required. For example if 50%, solution is desired calculate 
cc. that contains 50 grams of the substance. ♦ 

(/) Multiply cc. thus found by specific gravity (this gives the 
weight of the cc.) and subtract from 100 to obtain the water that is 
necessary to make up the total to 100 grams. 

Example. — A 75 % solution of sulphuric acid is desired. 

(a) The specific gravit}^ is found by the hydrometer to be 1.8. 

(6) Looking up the sul])huric acid tables, the acid having a specifio 
gravity of 1.8 is 87 % sulphuric acid. 

(c) 1 cc. weighs 1.8 grams. 

(d) 1.8 X (87 -i- 100) - 1.602 grams H2SO4 per cc. 

(e) 1,602 grams H2SO4 requires 1 cc. of the lab. reagent hence 75 
grams will require (1 X 75) divided by 1.G02 = 46.8 cc. o^ the reagent 
per 100 grams of new solution. 

(/) 100 — (46.8 X 1.8) = 15.76 cc. of water require! for 46.8 cc. of 
the reagent to make 100 grams of sulphuric acid of 75% strength. 

If a =» % acid desired, h == specific gravity of acid used and c = the 


percent of the acid used divided by 100 then 100 - - water required 

per 100 grams, or multiple thereof. Substituting in 'above example 

Ve 75 


100 - 


1.8 X .87 


5.76. 


* In making up solutions with solids the word “ perccnkige ” is often used 
loOEely; for example,. the reagent 50% sodium hydroxide is 50 gragas of the 
solid dissolved in water and diluted to cc, the water in NaOH is neglected. 
See chapter on Reagents. 



METALI.URGICAL ANALYSIS 7 

3. To Make a Solution of Approximate Normality without the Use 
of Balances. ^ • 

Rule. — (a) Calculate the grams of reagent necessary in 1000 cc, 

(h) By procedure in 2, find out the cc. of tl^ reagent necessary to 
obtain the grams desired. ^ 

(c) Measure out the cc. required into a 1000 cc. flask and make, to 
volume. 

Example. — Required to make an approximately normal solution of 
sulphuric acid from a laboratory reagent that contains 87% sul- 
phuric acid, the gravity of the acid being 1.8. 

(a) A normal solution contains 49.04 grams H2SO4 ])er liter. 

• 49.04 

{b) 49.04 grams requires — = 29.2 + cc. 

1 .8 X .87 

(f) Dilute 29.2 cc. to 1000 cc. 

II. Oxidation and Reduction Methods. — Compounds capable of 
being reduced or oxidized, changing their valence from higher to 
lower state or vice versa, are determined by these methods. The 
modern theory assumes that a substance that is oxidized has taken on 
positive or has lost negative charges by ions, while a reduced substance 
has taken on negative or lost positive charges. C'lompounds contain- 
ing iron^ manganese, chromium, copper, arsenic, antimony, molybde- 
num, sulphur, oxalates, etc., may be determined generally by oxidation 
and reduction methods. 

Examples. — Oxidation lOFcO + 2KMn04 = K2O 2MnO. 5Fe203 
Here Fe" is oxidized to Fc" ' 

Reduction Fe203 + 2KI = 21 + K2O + 2FeO 
Here Fe'' ' is reduced to F e" 

III. Electrometric Methods.^ — The possibility of following changes 
in ionic concentration by observing changes in potential difference be- 
tween a -suitable electrode and a solution has led to the use in analy- 
tical work of a number of titrations in which the end-points are lo- 
cated by observing changes in electromotive force. If a hydrogen 
electrode for acidimetric titrations, or a metallic electrode in the case 
of oxidation-reffuction titrations, is placed in a solution being titrated 
the potential difference between the electrode and solution will rise or 
fall as the titration proceeds. The change in potential difference with 
increase in reagent added is a maximum at the end-point, which is 
thereft^e reprCsomted by a point of inflection in the curve expressing 
the relation be'twcen potential difference and amount of reagent added. 
The principles underlying these so-pajlcd “ electrometric ” titra^i^s 
have been discussed by Hildebrand. 

Hildebrand *has also shown ^ the applicability of electrometric 
method| in analysis, research and teaching. The electrometric method 

1 Bulletin 2. The Eppley*Laboratory, Newport, R. I. 
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lias been used to good advantage by Hostetter and Roberts in a num- 
ber of otherwise difficult determinations of ferrous and ferric iron; by 
Robinson and Winter for the determination of arsenic and by Kelley 
and Bohn for the tritatioii of ferrocyanidcs with permanganate. 
Forbes and Bartlett have shown that in the titration of dichromic acid 
with ferrous sulphate the end-point could be located by balancing the 
potentiometer circuit and observing the action of the galvanometer. 
Kelley and his collaborators have based methods for the determination 
of chromium, vanadium and manganese in steel on this method of 
titration. Hendrixson has shown that hydriodic acid can be titrated 
efectrometrically with permanganate in the jirosence of hydrochloric 
and hydrobromic acids, and that on the basis of this titration dichro- 
mic acid, iodic acid and silver can be determined. Electrometric 
methods have resulted in simplifying a number of long and difficult 
analyses. 

IV. Frecipitatum Mclhoda. — The compounds reacting produce well 
defined precipitates, that sc[)arate out and leave the solution clear, so 
that the point where no further precipitation occurs may be recog- 
nized. This end-point is often recognized by placing in the solution 
a substance or indica'or, which iiroduces a color change when all of 
the material sought has been precipitated from the solution. 

Examples: 

(а) Direct precipitation, AgNO.i -|- NaCl = NaNOa + AgCl | 

(б) Added indicator AgNOa + KCNS with FeCL = KNO 3 + AgCNS | 
the indicator now' reacts FeC^la -1- 3KC/NS = 3KC1 + Fe(CNS )3 red. 

V. Colorimetric Processes. — C^ertain substances dissolved in ap-« 
‘propriate solvents, yield solutions showing a characteristic color, 
with an intensit}'- in proportion to the concentration of the ions pro- 
ducing the color. By comparing this solution with one containing the 
same compound in a convenient, known amount, i.c. with a solution 
whose ion concentration is known in terms of auded solid, it is possible 
to estimate the amount of compound in the unknown solution. 

Colorimetric methods are generally employed for the dcjtermination 
of minute amounts of substances exi.sting generally as impurities in 
substances under examination. 

VI. Colorimetric Comparison of Stains. — An illustration of this 
process is given under the chapter on arsenic in the determination of 
traces, of arsenic by the Gutzeit method. See subject. 

The last of these processes is in a class by itself and does not 
properly belong under the head of volumetric inethdds. The ‘Stains 
simply indicate the w'eight «f substance that is evolved as a gas 
due to the chemical action. c • 
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NORMAL SOLUTIONS, NORMAL EQUIVALENTS 
' NORMALITY FACTORS 

§ 7 . 1. (a) Definition . — A liter of solutiorj containing in exact 
amount 1.008 gram of available l^drogen or 8 grams of available 
oxygen or the equivalent of these is sjmkcn of as a normal solutiqq* 
(b) An equivalent is that weight in grams of the element, the 
acid, the base or the salt which chemically replaces, combines with or 
in some way brings into reaction one gram of hydrogen or eight grams 
of oxygen. 

2 . hlxamplcs of Chemical Equivalents.^ • 




At. or 

Normal 

f Reaction or 

Substance * 

Formula * 

Mol. WL 

Equivalent. 

\ Nature of Sub. 

Hvdrogen 

. . H' 

1 008 

1 008 g. per 1. Standard 

Oxygen 

. . O'' 

10 00 

8 00 

Standard 

Ammonia 

. Nil/ 

17 03 

17 03 

Alkali base 

Arsenic (Ag-iOu — > AsiOf,) 

. As" 

74 90 

37 48 " 

Element 

Barium 

. Ba" 

137 37 

08 (>9 

Element 

Calcium 

. ('5a" 

40 00 

20 00 

Element 

Chlorine 

. .cr 

35 4(i 

35 40 

Element 

Hydrochloric acid . . . 

. . HC^P 

30 40 

30 40 

Acid 

Hydroxyl ion 

. -OIP 

17 01 

17 01 

Base 

Iodine 

. I' 

120 92 

120.92 " 

Oxidizer 

Iron 

. , Ke' 

55.84 

55 84 

Element 

Mangan(ftie 

. .Mn" 

54 93 

27.473 » 

Divalent 

(MnO — MnO'i) 





Manganese 

..Mr/"" 

54 93 

10 99 

Pentavalent 

(Mnapj — > MiuOt) 





Oxalic acid 

H 2 C 2 O/ 

90 02 

45 01 

Acid. Reducer 

JPotiissium 

. . K' 

39 10 

39 10 

hjlement 

Potassium dichromate . . 

K2Cr207" 

294 20 

147 10 

Precipitation 

Potassium dichrornate . 

. K 2 O 2 O 7 '" 

294.20 

49.03 " 

Oxidizer 

Potassium porrnaugMnate. KM 11 O 4 '"" 1.5H 03 

31.01 

Oxidizer in acid 

(K 2 O 2 MnO 50) 




sol. 

Potassium permanganate. KMnO/" 

158 03 

52 683 

Oxidizer in neu- 

(K 2 O 2 Mn 02 30) 

• 



tral or alka- 

. 




line sol. 

Swliurn 

..Na' 

23 00 

23 00 

Element 

Sodium cliloride 

. NaCl' 

58 40 

58 4(> 

Salt 

Sodium hydro*xidc . . . . 

..NaOIl' 

40 01 

40 01 

Base 

Sodium oxalate 

. NaaCW 

134 00 

07 00 

Rc‘ducer 

Sodium thiflsulplratc. Na>S 203 5 H 2 O' 

248 20 

248 20 

Beducer 

Sulphuric acid 

. H 2 SO 4 " 

98 08 

49 04 

Acid 

Zinc .• 

. Zn" 

05 37 

32 69 

Element 


3. A glance at the above table shows that the equivalent weight 
does ui5t mearf Necessarily the atomic or molecular weight. In order 
to obtain the equivalent weight we must know the nature of the re- 
action that takes place in re])lacing,. combining with or bringing «iirto 
reaction the hydrogen or oxygen equivalents. To make this important 

' A more connlf)lete list is given ii> table VII in the latter portion of this 
book. • 

* The exponents signify the nxunber of hydrogen equivalents per atom 
of the substance. ■ See example (a). , 
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principle of volumetric methods clear we^ will study a few concrete 
examples. ' 

§ 8. Normal £qui\(^lents in Acidimetry and Alkalimetry. 

1. When a base, such as sodijim hydroxide, is acted upon by an 
acid, for example hydrochloric acid, taking the molecular weights of 
the two reacting compounds in grams (gram molecular weights or 
gram mols.) we find that 40.01 grams of NaOlI react with 36.40 grams 
of HCl, involving a reaction with one gram (actually 1.008 g.) of hy- 
drogen as seen by the equation. 

• NaOJI + H(;i = NaCl + FI-O 

Normal solutions of sodium hydroxide and hydiir)chl()ric acid, there- 
fore, contain the gram molecular weights of NaOIT and of HCl per 
liter in their res])0ctive solutions. 

2. In the case of sulphuric acifl wo find that for every gram 
mol. of sulphuric acid there are two grams of available hydrogen; 
hence a normal solution of this acid would contain one half of its 
molecular weiglit, 41). 04 grams of the acid combining with 40.01 
grams of NaOlI: 

H2SO4 + 2NaOII = Na,S04 + 2IL>0 
98.08 g. 80 g. 

3. A normal solution of a base contains 17.01 grams of hydroxyl 
(- OH) ion. A normal solution of calcium hydroxide, Ca(()H)2, 
therefore would contain one half of its gram molecular weight per liter. 

4. The salt, sodium cliloride, Na(3, is made up of tlie basic ele- 
ment sodium and the acidic element chlorine. In the first reactioi^ 

• above it is evident that sodium rejdaces hydrogen in the ratio of their 
atomic weights, i.e. 23 : 1. Since the molecule contains one sodium 
in NaCl its normal solution is obviously its molecular weight, 58.46. 

5. Zinc in reacting with H(3 displaces two hydrogens as shown in 

the following reaction t 

Zn + 2nCl = ZnCl2 + H2 1 

Therefore a normal solution of zinc or its salts should contain per 
liter one half the atomic weight Zn or one half tlie molecular weight 
of the salt. At. Wt. Zn = 65.37, normal equivalent vj^ight^= 32.69. 

6. Barium in reacting with an acid displaces two hydrogens or in- 
volves 2 grams of hydrogen per gram mol. of Ba. Hence .a normal 
solution of barium w^ould contain per liter one half of its gram atomic 
weight. In like manner a normal solution of a barium salt would . 
contain one half of its gram molecular weight per litf>r*of solution. 

^ BaCL + 11.804 = 2HC1 + BaS04 j 

^ 9. Oxidation and Reductlbn Reactions. Normal Equivalents, 

1. In oxidation and reduction reactions it is necessary to know the 
nature of the reaction caused by the compounds involved and a simple 
glance at the formula of an oxidizing or reducing agent will nbt aid us 
in cstimj^ting the amount of the reagent necessary to make a normal solu- 



METALLURGICAL ANALYSIS 


11 


tion. For example potassium permanganate has two normality factors, 
^ of the rnolcgular weight S,nd | of the molecular weight of KMn04 
according to the conditions under which the compound is used. 

2. The oxidation reaction of permanganate is, made clear when we 
*get in mind the following structural formula: 

Action in acid solution 2KMn04 = K2O. 2MnO. 6 0, 

Action ill neutral or basJh solution. K2O. 2Mn()2. 3 O. 

3. The first reaction is more commonly employed so that in 
making up a normal solution of potassium permanganate one fifth of 
its molecular weight jier liter is taken. It is evident that one gram 
molecular weight of KMnO-i involves the action of 2.5 x 10 = 40 grams 
of oxygen (2 mols., ^as shown above, being 5 X 10) and since by the 
definition of a normal solution 8 grams of available oxygon arc re- 
quired ^ the molecular weight must be taken per liter to make a 
normal solution. 

4. In the reaction with potassium dichromatc we may have two 
conditions. The first in a solution containing no reducing reagent 
whore K2Cr207 is used as a precipitating reagent. For example in the 
preci])itation of lead we have the following reaction: 

2Pb(G.JL02)2 + K2C^r2C)7-f IIsO - 2K(^2ll302-f21LC2H30. + 2PbCr04 i 

Two gram equivalents of hydrogen are involved; hence half the 
molecular w^eight of ])otassium dichromatc per liter will make a normal 
solution of a precipitating reagent. 

5. With a reducing agent present in the sol u1 ion potassium dichro- 
matc acts in a decidedlj'^ different manner. The action is shown by 
examining its molecule which may be represontod 

• K2Ch‘207 « K2().Cr203. 3 O 

It is evident that for every gram molecular weight of K2Cr207 
(294.2) there arc available three oxygens i.e. 3 X lb = 48 grams of 
oxygen. Since S grams of available oxygen are required per liter we 
would have to take J tiie gram molecular weight of K2Cr207 (49.03) 
to make ‘a normal solution since a gram mol. contains G times the 
quantity necessary. (48 ■^8 = 0) 

6. In thd volumetric determination of chromium it is oxidized to 
its higher valence and then reduced by a standard reducing agent. 
The action is sTiown by the f<d lowing: 

. 2Cr()3 + GH = Cr203 + SILO 

Two chromiums bring into reaction GH or its equivalent, hence 
• Cr = 3H and its j:iormal solution would contain I its molecular weight 
i.e. 52/3 = 17.33 g. per liter. 

7. Sodium oxalate as a reducing agent involves one oxygen pi»r 
molecule of oxalate i.e. IG grams O p*ef gram mole. (134 g.) Na2C^04. 
Hence its normal solution would contain J its molecular weight per 
liter. (134/2 = 1)7 R.) 

8. li^n is determined by titration with a standard oxidizing agent. 
Its normal equivalent has been given in the table as 55.84 ^which is 
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the same as its atomic weight. The reason for this is evident by the 
following reaction: * * 

2FcO + 0 = Fe^Oa 

Two Fe involves one O or 16 grams oxygen per two molecules of» 
iron. One molecule therefore reefuires 8 grams of oxygen per 55.84 
grams iron. A normal solution of iron, therefore contains 55.84 grams. 

9. It is evident that all compounds or elements have equivalent 
or combining values. If a normal solution of any suitable oxidizing 
agent is used in the determination of iron, each cc. of this reagent 
Would be equivalent to 0.05584 grams of Fe. A N/10 oxidizing 
agent would titrate 0.005584 g. per cc. AN/5 oxidizing agent would 
titrate 0.005584 X 2 = 0.011168 g. Fe since N/5ts twice the strength 
of N/10. Expressed also as 0.2N and 0.1 N. 

If the reagent were a little stronger than N/10 say 0.125 N then 
each cc. would be etjui valent to 0.005584 x 0.125 g. Fe. 

§10. 1. Normality Factor. — The actual amount of a reagent 
present in a unit volume divided by the equivalent weight necressary 
in that volume to make a normal solution gi\'es the normality factor 
of the reagent. 

One cc. of a normal iron solution contains 0.05584 g. If the re- 
agent contained 0.050 g. Fe its normality factor = 0.056 0.05584 

- 1.003 N. 

2. Rule. — To obtain the amount of substance in a solution that 
has been titrated by a standard solution, multiply the equivalent of 
that substance in gram per cc. by the cc. of the reagent required, 
which in turn have been multiplied by the normality factor for tliali 

‘ reagent. 

3. Exampleii . — (a) A solution of iron reejuired 50 cc. of a standard 
oxidizing reagent whose nornialily factor was 1.05 N. How much 
iron is present in the solution? 

The iron equivalent of 1 cc. of a normal solution is 0.05584 g. 
(0.05584 X 50 X 1.05) - 2.9316 g. Fe. 

(5) A solution of sodium oxalate required 50 cc. of a standard 
oxidizing agent whose normality factor was 1.05 N. * How njuch 
sodium oxalate is present in the .solution? ^ , 

The sodium oxalate equivalent jier cc. of normal solution = 0.067. 
[0.067 X (50 X 1.05] = 3.5175 g. 

§11. Nonnality Factor by Titration Against a Standard. 

1. Rule. — Multiply the cc. of the standard reagent re(iuired in 

the titration by its normality factor and divide the ‘result by%he <;c. 
o^the unknown taken, the result is the nonnality factor of the un- 
knotvn. • • 

2. Example. — 60 cc. of .sodium hydroxide solution required 50 cc. 
of standard sulphuric acid, whose luumality factor ms 1.25 N. What 
is the normality of. the sodium hydroxide? 

(50 X 1.25) 4-* 60 =» 1.04 N. 
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§ 12. Standardization Against a Solid. 

1. Rule. Convert the* weighc*! amount of pure solid into its 
equivalent value in ec;. of normal solution by dividing this weight by 
the normal c(iuivalent per one ee. of the eom])()urjd. Divide the cc. of 

•this resulting volume by the ee. of thg reagent recpjired in the titration; 
the result is the normality of the reagent being standardized. 

2. Example. — ]\)tasBium i)ermanganate is being standardized 
against solid sodium oxalate. 0.3 grams of Na2C204 required 40 cc. 
of the permanganate, what is the normality of the permanganate? 

0.3 divided by 0.067 = 4.478 cc. 

4.478 divided by 40 = 0.1 12N or 1.12 N/10 

§ 13. To find the* equivalent value of a standard reagent in terms 
of a substance to be titrated when its normality factor is not given 
but a factor is given for some substance against which the reagent 
was standardized. 

1. Rule. — Multiply the factor of the reagent by the conversion 
factor obtained by dividing the gram equivalent of the substance 
sought by the gram equivalent of the substance against which the 
reagent was standardized, the result will be factor desired.^ 

2. Example. — Very commonly pota.ssium permanganate is stand- 
ardized against iroTi and the iron fa(;tor alone is placed on the bottle. 
What w(mld be the eciuivalent in terms of some other element which 
may be titrated by ])cnnanganate? We will consider several cases. 

Suppose the iron factor is .00i)7 g. Fe per cc. 

(a) Factor for manganese determined by Volhards method. 

, lly this method the manganese in manganous form is converted to 
MnO'i while the permanganate is reduced only part way, as would 
naturally be exi^ected as its reduction could not go below MnOz. 

In neutral solution the action of KMn04 is seen by the formula 
2KMn()4 = K>0. 2Mn02. 3 O. In the case of iron titration in acid 
solution the KMn04 yields 5 O i.e. 2KMn04 = KaO. 2MnO. 5 0, hence 
1 cc. of the reagent in the oxidation of mangane-Je is ^ of its value in 
titrating iron. This fact must be considered in obtaining the con- 
version factof. In the action MnO is oxidized to Mn()2 therefore 
Mn = O = An 8 g, O equivalent therefore would be half the 

atomic weight ofMn 54.93 divided by 2 = 27.47. The iron equivalent 
we learned is 55.84. 27.47 divided by 55.84 = 0.492. This would be 
the factor if the permanganate value as an oxidizer were the same for 
Fe and Mn, but since for manganese its oxidation value is the oxy- 
gen as iti its o:^icfation of iron we must multiply 0.492 by f - 0.2952, 
therefore multiplying the iron value of the permanganate by 0.2952 
will give the manganese equivalent of.tiie reagent. 0.0057 X 0.2951=^ 
.001683 g. Mn per cc. 

(h) Factor foi^vanadium. Vanadium is titrated in an acid solution 
so that IJiie manganese oxidation value is the samp as it is for iron, 

^ See hst of conversion factors, table*XVIIT, in the lat.ter part of Hjis book. 
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namely 5 available oxygens per 2 inols. of KMn04. In this case the 
corrective factor that was necessary in th6 example above is not neces- 
sary. 

In the methods (/ornmonly employed for vanadium, the reduction 
being conducted with SOu, or EqS 04 or HCl, etc. V-jOs i« reduced td 
V2O4. This reduced solution is now titrated with permanganate, where- 
upon the V2O1 is oxidized to VaOs. Hence Va = 0 (= Hi g. O) The 
atomic weight of vanadium in grams would involve the reaction of 8 
grams of oxygen hence its normal eciuivalent is its atomic weight = 51, 
The conversion factor of iron to vanadium is therefore 51 divided by 
‘'55.84 = 0.9159. 

The reagent above = 0.0057 X .9159 = .0052^2 V per cc. 

(c) Factor for molybdenum. In the titration of molybdenum in 
acid solution the permanganate gives up 5 oxygens per 2 mols. just 
as in the case of the iron titration. No cornjctivc fac.lor is then re- 
quired as it was in case (a). To obtain the molybdenum equivalent 
we must know what takes place in the titration of molybdenum. The 
higher oxide is reduced by zinc to Mo2()3. Potassium iiermanganate 
is now used and the M02OJ is oxidized to Mo^Oc or 2Mo()3. Therefore 
2Mo require 30, 2Mo gram mols. require 48 g. (), Mo requires 24 
g. 0, Mo/3 requires 8 g. O, hence its normal eciuivalent would b(5 J its 
atomic weight. 9G divided by 3 = 32. Therefore 32 divitled by 
55.84 = 0.5713, tlic conversion factor of Fe to Mo. The reagent above 
therefore will titrate 0.0057 X 0.5713 = 0.003250 g. Mo per cc. 

3. The values may be worked out by calculating the 7i.ormably of the 
reagent. 1 cc. N Fo solution contains 0.055S4 g. therefore 0.0057 
= (0.0057 divided by 0.05584) = 0.102 X N or 1.02 X N/10 

Equivalents Value per cc. N. sol. Conversion Value in terms of 

above reagent 

(а) Mn=27.47 0.02747x0.102 (x 2/3 corrective) = 1 ee.oO.OOlGS g. Mn 

(б) V =51 0.051 X0.102 ' 1 cc.o0.0052 g. V 

(c) Mo=32 0.032 x0.102 1 cc.o0.00326 g. Mo 

§ 14 . 1. Potassium Dichromate, — As may be seen from the table 
showing normal equivalents potassium dichroniatc has two equiva- 
lents; one where the salt is used as a precipitating Wagent, the other 
where it is used as an oxidizing reagent. In the first case K2Cr207 
involves a reaction causing a displacement of elements or compounds 
which arc equivalent to 2H, hence the normal equivalent of the di- 
chromate is half its molecular weight. \ 

(a) 2BaCl2 + K2Cr207 + II2O = 2BaCr04 + 2KC1 + 2ITC1 

(b) 2Pb{C2H302)2 + K2CrA + Ii20 = 2PbCr04 + 2KC2H3O2 

+ 2HC2H3O2 


f 
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2. Potassium diohromatc as an oxidizing reagent has three avail- 
able oxygens per molecule,* which may be represented graphically as 
follows: K‘20.Cr203.30. Its normal equivalent is therefore J its 
molecular weight (3 X 16 divided by 8 = 6). ^ 

• The reagent is specially useful in the determination of iron. It is 
sometimes used as an adjunct to permanganate in the determination of 
substances in wdiich the potassium permanganate titration could riot 
be made alone owing to the presence of reduced iron which is first 
oxidized by potassium dichromate. Examples of this are found in the 
determination of chromium and vanadium in presence of iron. See 
methods in cliapters on these subjects. • 

§ 15. 1. lodirnctry. — lodimctric methods in volumetric analyMs 
are extensively used* since the procedures are rapid and extremely ac- 
curate. Starch in solution is generally used as an indicator. Its re- 
action with iodine is very sensitive, the characteristic blue color being 
IH’oduccd. 

2. Iodine acts as an oxidizing reagent by either displacing oxygon 
in water with the liberation of oxvgen which oxidizes the reducing 
agent (whi(^li must be present to induce the reaction), or the iodine 
combines direcily with the hydrogen or alkali in the substance. 

(а) Indirect oxidation. I 2 + H 2 O (in presence of reducer) 2HI + 0 

Aso(>3 + 2 I 2 + 2 II 2 O - AS 2 O 6 + 4HI 

(б) iJirect combination. I 2 4- U 2 S = 2HI + S 

I 2 “h 2 Na 2 S 203 = 2NaI -1- Na2ft408 

It is evident from the above reaction that the iodine equivalent is 
its atomic weight (126.92). 

§ 16. 1. S()divm> thiosulphate is a reducing agent commonly em- * 
ployed in iodimetric titrations. The gram molecular weight of the 
salt is its normal ccpnvalcnt as ap])ears from the last of the reactions 
above. The laboratory reagent contains 5 molecules of water of crys- 
tallization Na 2 S 203 . 5 H 2 Q, hence 24S.2 grams of the salt are required, 
usually an excess of this is necessary as free winter is often present. 
It Is always necessary to standardize the thiosulphate solution against 
iodine on account of the uncertainty of the compound. 

For further information regarding these commonly used reagents 
consult th? chaffter of “ Preparation of Reagents.” The discussion of 
the few preceding pages is by way of introduction to methods that arc 
given throughout the work. 

§ 17. Standard Reagent. — From the examples cited we arc’ pre- 
' pared tj§ define * » standard reagent as a solution ' which contains a 
definite amount of substance used in quantitative methods, whose 
amount per cc. is either known or its^equivalent in terms of a *(#- 
mality factor, or in terms of some other substance for the determina- 
tion of which tl^^ reagent is used,^ 

kOr a solid (as NasC^Od whose composition is a constant. 
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ANALYTICAL PROCEDURES 

§ 18 . 1. Difficulty of Complete Separation of Elements. — As the 
great majority of the substances with which the chemist is called upon 
to deal are complex rather than simple, a careful study of the separa- 
tian- of the elements is of the greatest importance. Only by the closest 
attention to details can success be attained in the analysis of complex 
substances. The importance of testing precipitates for impurities and 
the solution for unprecipitated portions of an element cannot be too 
strongly urged. Only in this manner can the accuracy of an analysis 
be assured. 

2. Limit of Accuracy in Analysis. — If a compUite analysis is made 
the sum of all the constituents must be very close to 100%. A sum- 
mation which is within .5% can generally be obtained if the analysis 
is conducted with care and reliable methods are used. In general the 
analysis of an unknown substance should be conducted in duplicate. 
If the duplicate results do not agree within .2 or at most a third 

analysis should be made. As the error in many determinations may 
be 0.1%, it is unnecessary to calculate results to more than hun- 
dredths of per cent. As the error in each determination of the analysis 
of a given substance may be either plus or minus, the practice of 
dividing the difference between the summation and 100% ani,ong the 
various determinations is not justifiable. 

It is in some cases possible to analyze a substance in such a manner 
that the results are accurate to the hundredth of a per cent. iSuch 
results may be computed to the .001 of a per cent. This practice is 
. common in the analysis of metals. Large quantities of the metal are 
taken, so that considerable quantities of the impurities which are 
present in small amounts are obtained for determination. The results 
may then be accurate to the hundredth of a per cent. This does not 
imply a higher degree of accuracy in the determination of a given ele- 
ment than .1 of a per cent. For example, if iron were present in copper 
to the extent of .5%, a determination of the iron which is accurate oo 
.01% of the impure copper would represent an error of of the 
amount of iron present in the copper. In giving the results of such 
analyses the percentage of the main constituent is oblSiined*by differ- 
ence, so that the summation is exactly 100%. 
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BRIEF* SUMMARY OF SOME IMPORTANT CHEMICAL 

LAWS AND HYPOTHESES 

* 

§19. 1. Avogadro*s Hypothesisi — Equal volumes of all gases at 
the same pressure and temperature contain an ecjual number of mole- 
cules. 

2. Boyle’s (or Mariotte’s) Law, — The volume of all gases at a 
constant temperature is inversely proportional to the pressure. 

3. Common Ion Effect — Repression of Ionization. — Ionization js 
repressed by adding to the solution a salt which has a common ion 
with that of the sojute. 

4. Complex Ions. — These consist of a group of elements, possess- 
ing characteristics distinct from the elements of which they are com- 
X)osed. Example K 4 Fe(CN )6 ionized = K 4 and Fe(CN)a. KCIO 3 ion- 
ized = K and CLOi. 

5. Conservation of Mass, Law of. — The total weight of matter 
resulting from a combination or decomposition is always equal to the 
sum of the weights of the substances taking part in the reaction. In 
all chemical transformations mass remains constant. 

6. Constant Proportion, Law of. — The elements combine with 
one aiiojbher in absolutely lixed relative proi)ortions by weight. 

7. Dalton’s Atomic Theory. — All matter consists of an aggregate 
of minute particles, or atoms, wliich are chemically indivisible. 

8. Dalton-Henry’s Law, — The pressure exerted by a mixture of 
gases occupying a given volume is equal to the sum of the separate 
•pressures which the different gases would exert if they alone occupied • 
the given volume. Every gas behaves with respect to its own partic- 
ular properties just as if it alone was present. 

9. Dulong-Pe tit’s Law. — All elements in the solid state have the 
same atomic heat. T^at is, elements taken in proportion to their 
atomic weights require equal quantities of heat in order to be raised to 
tl/e same temperature. 

10. Electrolytic Dissociation Theory of Arrhenius. — All substances 
which form solutions capable of conducting an electric current, the 
electrolyt(JS, e?^t in solution, in part at least, as dissociated ions, 
atoms or atomic groups, carrying a definite charge of electricity. 
Each positive ion (anion) involves the presence of a negative ion 
(cation) carrying an equivalent amount of electricity. 

Whin two «OBpositely charged poles are placed in such a solution, 
the positively ’ charged anode attracts the negative particles in the 
solution and rei)els the positive, while the negatively charged catj^orie 
attracts the positively charged parti'cfes and repels those negatively 
charged; a flow of electricity thus being produced. 

11. Electromotive or Potentiar Series. — Metals placed in solu- 
tion tenti to pass from a free element to the ionic’ condition, the more 
positive elements will displace the less positive from their ionic con- 
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dition. See list of elements given in orde;’ of activity, in the table in 
the latter part of this volume. 

12. Faraday’s Law. — In equal periods of time a current of defi- 
nite strength scparatV3s the ions from the solutions of electrolytes in 
quantities by weight, which stand in the same ratio to one another 
as their equivalent weights, i.e. their atomic weight divided by their 
valence. 

The strength of an electric current can be measured by determin- 
ing the weight of silver or copper deposited at the cathode in a given 
C^ime from a solution of silver or copper, or by measuring the volume 
of hydrogen or oxygen produced from water by the action of the 
current. 

13. Gay-Lussac’s Law (Charle’s Law). — At constant pressure, 
volumes of all gases increase on warming in the same proportion for 
every one degree. The coefficient of expansion is 1/273 (0.003665). 
That is to say, for 1° increase in tem])erature the gas expands 
1/273 of its volume. A volume of 273 cc. of gas at 0° C would 
become 274 cc. at 

14. Hesse’s Law Thermo Law of Conservation. — The evolution 

of heat which accompanies a chemical process is always the same 
whether the process takes jdace in one step or whether it jiasses 
through a number of intermediate processes. , 

15. Lavoisier-Leplace’s Law. — Every compound has a certain 
heat of formation which is equal to its heat of decomposition. 

16. Mass Action, Law of (Guldberg-Waage’s Law). — The sliced of 
reaction between two substances in solution is directly jiroportional, 
at any moment, to the molar concentrations of these reacting suli- 
stances in solution, and to a constant, which is (fiiaractcristic of the 
chemical nature of the reacting components, and of the temiierature. 

17. Multiple Proportion, Law of. — If two elements combine in 
more than one proportion, tlie masses of thcKine which combine with 
a given mass of the other bear a siinjile rational relation to one an- 
other, i.e. are always a whole multiple of the lowest. 

Example: N2O, N2O2, N2O3, N2O4, N2O5: the five oxidfcs of nitrogen. 

18. Neuman-Kopp’s Law. — Molecular heat corresponds* to the sum 
of atomic heats of the elements which constitute the molecule. 

19. Osmotic Pressure. — A substance in solution produces the os- 

motic pressure, at a given temperature, which it would exert, if it 
were contained as a gas, at the same temperature, iij tjic volupie occu-* 
pied by the pure solvent of the solution. * 

^ 20. Periodic Law of Mendeleeff. — The properties of the elements 
ar^ periodic functions of theif atomic weights. 

21. Reversible Reaction. — Compounds in solution resulting from 
a chemical reaction in turn reaet forming the original compounds 
present. This reversibility is prevented by removal from solution of one 
of the I’esulting compounds, by formation of an insoluble compound. 
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which precipitat^is from solution, or by the formation of a gas which 
escapes. (Rec,“ Common Ihn Effect.”) 

22. Law of Electrostatic force. Coulomb’s law. — 

j, Urn 

^ = ikk 

F = force acting between two charged bodies. 

Qi and ^2 = quantities of electricity. 

C = specific inductive capacity or dielectric constant of the medium. 
d = distance between the two charged bodies. 

23. Law of Jule. ~ 

h = rcr 

• 

h = ainounl of heat evolved in a given lime, 
r ^ resistanc.e to the passage of the current. 
c = vStrength of the current. 

24. Ohm’s law. — 


C - sirength of current 
E = electromotive force. 
R = resistance. 
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GENERAL MANIPULATIONS, SAMPLING, PREPARATION OF 
THE SAMPLE, SOLUTION OF THE SAMPLE AND 
LABORATORY PROCEDURES 

SAMPLING! 

1. General Outline for Sampling Solids 

§ 20. Introduction. — An accurate and uniform sampling procedure, 
applicable to all solid materials from the viewj;)oint of both producer 
ind consumer, would necessitate the standardization of an infinite 
number of details, and probably result in a very cumbersome and im- 
practical manipulation. It, therefore, appears advisable to first con- 
sider the various steps of the process of sampling, attempting their 
standardization and then applying this standardization to each particu- 
lar product or group of related prt)ducts. 

The process of sampling is divided into three major operations: 

1. The collection of the “ gross ” samifie. 

2. The reduction of the “ gross sample to a proper and con- 
venient size for transportation to the laboratory. 

3. The preparation of the sample for analysis. 

These essential points and the accuracy with which they ‘are per- 
formed determine the value of the subsequent analytical results. Ex- 
perimental data and general mathcunatical dcducstions make it possible 
to standardize these operations with a fair degree of accuracy. 

II. Sampling Unit 

The sampling unit may be defined as that portion of the material 
which is chosen in such a manner that there is a high probability that 
it will contain the different sized particles of the material in the 
proportion in which they occur in the entire bulk of the material. 
Providing there are no great uncontrollable irregularities in the ma- 
terial, the sampling unit, if taken under carefully prescribgd conditions 
for each different class, should be properly representative of the 
material. However in order to obviate the necessity iif specifying in 
great detail, and to guard against unforeseen sectional variations in 
the material, it is more expedient to select a number of sampling units, 
these • depending upon the size of the shipment to be sampled, and 
combine these sampling units into one large sample called the “ Gross 
Sample.” ‘ ' 

^ The characler of the material, size of the various particles, uni- 
fori/iity of composition and the vrombience of any one or more constit- 
uents are factors governing tlie determination of the amount to bo 
taken as the sampling unit. Without considering a nfathematical dis- 
cussion of the modulus of precision of a condition which Would be 

! Stan/lard Methods of Chemical Analysis — Scott. D. Van Nostrand Co. 
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impossible of duplication and in view of the experimental data com- 
piled on the sampling of cofil, it is safe to adopt, as the general sam- 
pling unit, an amcmnt of material equal to approximately 500 times 

the weight of the largest particle. If this is impractical, due to the 

'presence of very large particles, an^ the material cannot be reduced 

by passing it through a crusher, it will be necessary to reduce, by 

hand, the large particles at the various sampling points so that the 
correct proportion of large particles can be included in the sampling 
unit. In some cases, however, a different bulk of sampling unit will 
be found necessary. 

III.* Collection of the Gross Sample 

The amount of material to be included in flic gross sample depends 
more upon the size of the individual particilcs than uiion the size of 
the shipment since it is simjily a multiple of the sampling unit. When 
the shipment is large and frc(]uent sectional variatit)ns do not prevail, 
and it is being ti-ainferrcd by containers with a cajiacity approxi- 
mately ecpial to the sampling unit, it is advisable to take the entire 
contents of a dcHiiite percentage of the contaiiu^rs as increments of 
the gross sample. 

When the accumulated gross samjile is too largo to handle con- 
venient!'/ as a unit, it is permissible to reduce the gross sample in 
small sections by the standard procedure and subsequently combine 
the reduced ^lortions in the correct ratio. 

1. From Carload Lots. 

* 

{a) When the Material is to be Unloaded from Flat-bottomed 
Cars. — Divide the to]) surface of the car into eight e(|ual areas and, 
from each of these sections, lake approximately the equivalent of one 
sampling unit in the following manner: From a stable bank of the 
material, beginning from the bottom, take with a shovel, at regular 
and e(iual intervals from the bottom to the top of the bank, ten ccpial 
portions of tlie material as si)ecificd. C’ombine these sampling units 
for the gross* sample. 

The stable bank may be obtained: 

(1) By digging down to the bottom of the car at the center of 
each sectw)!!. 

(2) As the center of each section of the car is reached during the 
ordinary process of unloading by shoveling or otluTwise, 

• • • 

(?>) •When the Material is Being Transferred from or to the Car by 
Means of Wheelbarrows, Tram-cars, Wagons, etc. — Take the speci- 
fied incrmnent according to the matx’r?!!! in (picstion from a spcc¥lied 
number -of conveying containers. Combine these increments for the 
gross sample. When at, any point a particle is encountered which is 
larger tRan the syiccified increment it should be broken down and a 
portion of it included in the sample. 



22 


METALLURGICAL ANALYSIS 


(c) When the Material is Dumped from a Hopper Car into a 
Hopper, Bin or Pile, — Under these conditions, the ssijnple is taken 
from the resulting; cone-shaped j)ile by beginning at the bottom outer 
edge of the pile and taking the specified increment, according to the 
character of th-e material, every t^^o feet on a straight line to the apex * 
of the cone. This operation is repeated on each quadraiit of the pile. 
The entire procedure is repeated after each car has been dumped and 
all increments combined for the gross sample. 

2. From Wheelbarrows, Barrels, Bags, Tram-Cars, Carts, Trays, 

ftc. 

(a) From a specified number of containers, take the specified in- 
crement and c.ombiiie them for the gross sample.' 

(b) Take the entire contents of every ?ith container and combine 
them for the gross sample. 

(c) If the material is fairly uniform and composed of small par- 
ticles, sample the container by taking ten equal specified increments 
uniformly distributed on two right angle diagonals across the surface 
of the container. Sam])le the specified number of containers in this 
way and combine the several portions for the gross sample. 

3. From Crane Buckets, Cars, Carts and Similar Containers, 
Chutes, etc. 

(а) If one container amounts to less than onf‘ sampling unif,, take 
every 10th load and combine these for the gross sample. 

(б) If one container amounts to approximately J - 3 sampling units, 
take every 20th load and combine these for the gross sample. 

(r) If one container amounts to more than three sampling units,^ 
take every 50th load and combine these for the gross sample. Note: 
When very large shipments arc being sainj)lcd by the above procedures 
very large gross samples will result which would be difhcult or incon- 
venient to reduce t-o the laboratory samj)le. *ln this ease the gross 
sample may be reduced periodically as follows: At regular intervals, 
representing a definite number of tons, the gross sariq)le is quarter^, 
one quarter reserved and three (iuarters returned to the., main bulk. 
The total combined quarters thus rcvserved arc mixed by shoveling into 
a cone-shapc<l pile and then further reduced by the Standard ^^rocedure 
to the laboratory sample. 

(d) When the material is composed of particles one inch or less in 
size, take a specified increment from every nth container. 

(e) AYhen the material is being dumped into a criisker from which • 
it flows or is flowing, from a drying kiln or other prbeess kifn, the 
muterial may be samplecl by taking specified increments from the 
outflowing stream at stated regular intervals. 

4. From Shipholds, Scows, Hoppers, Hopper-car*^ Bins, Storage 
Piles, etc. — In this case the material may be sampled in# any of 
several ways. 
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(a) According to the previous section 3, while loading or unloading. 

(h) Accordkig to the seV,tion 1, for carloads while unloading or 
loading. 

^ (c) While using material from a storage pile, daily or periodic 

samples may be taken as follows:. On ten vertical lines from the 
bottom to the top of the face of the pile distributed at uniform ^lis- 
tances across the face, take ten equal specified increments at equal 
distances from bottom to top. Combine these increments for the 
gross sample over any desired period. 

5. For Powdered Material. — When the material is a fine powde>^ 
or is composed chiefly of material under 2 mm. and contains a small 
amount of uiisegrega'ted particles up to 10 mm. in the largest dimen- 
sion, the sanqiling unit is taken by means of a specially designed thief 
(Fig. 1) or by means of a suitable shoA'^el, dip])er, etc. 

(a) From large .shipments, as shiiiholds, scows, barges, cars, etc. 
On a line through tlic center of the holder, lengthwise, take portions 
with the thief every five feet. Repeat this oiieralion on each of two 
lines parallel with and half-way between the first line and each side of 
the holder. Ck)mbinc all the i)ortions for the gross sample. If the 
shipment is composed of more than one holder, combine the portions 
from ea(;h holder into a composite gross sample. 

{h) From tram-cars, carts, buggies, etc. 

Take a specified portion from each holder with the thief or shovel 
and combine all jxirtions for the gross sample. 

(c) From barrels, bags, wheelbarrows, etc. 

Take a portion from every wth container and combine the portions , 
for the gross sample. 

(d) h^rom small piles (not more than six feet in height). 

With the thief, take one portion vertically at the i)eak of the pile 
and one vertically at qp^ch of ten points uniformly distributed along 
a line around the pile half-way between the i)cak and the edge of the 
pile. (Combine these portions for the gross sample. 

(c) l'hon> a well-mixed bulk of material (from mixers, packing 
machines, etc.). 

After Sllowifig a specified quantity, according to the condition of 
the material and tyi)e of a])paratus, to flow past the samjding point, 
take the ^specified quantity for a sample. Periodic samples may be 
taken in the same manner, as often as desired. 

6. ^rom Wef Material. — Wet materials arrange themselves in 

several classes : ^ 

(a) When the material is thorouglTly wet but not dripping, ^lake 
the sample by any of the foregoing suitable procedures, keeping the 
collected portions in moisture-tight containers. 

(h) When water is dripping from the material; take the sample as 
prescribed for the particular material by one of the foregoing pro- 
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cedures and allow the Itilal gross sample to drain, the drainage and 
remainder of the sample being weighed anti recorded. If further elimi- 
nation of water is necessary either by air drying, artificial drying or 
pressing, before the gross sample is redu(;ed to the laboratory sample, 
the total water eliminated must Jie calculaled and taken into account* 
in the final evaluation of the material to the original wet condition. 
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Sect. 1. Thief for sampling solids I*" diameter or smaller. Openings to 
correspond. Both tubes hollow and to be made ft-orn sheet braas (hard). 
Inside tube to fit snugly into outside tube. Point to be steel or iron. 

Sect. la. Saw Method of Sampling Pigs. I'ho bars arc sampled in sets f»f 
five, according to Templet as shown. Saw is sharpened on* Emery Wheel 
to size and shape here shown. 

Sect, lb. Punch Method of Sampling Pigs. Tlie bars E^lente4 as samples 
are placed in a line, with every other bar, bottom side up. The sampling is done 
according to Templet in sets of five bars each, tis indic^ated above. The punc.h 
must be driven through the bar. If a largo sample is di'sired, the bars 
are turned over and sampled on the other diagonal. 

Sect. Ic, Sample Punch. 

case this water carries some of the material in solution, it will be 
necissary to ascertain the amcfulit of this by analysis and include the 
results in the final evaluation. 

(c) When fine solid material is non-uniformly suspended in a liquid 
several vertical sections of the material may be taken by m^ans of a 
specially^ designed thief and combihed for the gross sample. 
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7. From Hygroscopic or Deliquescent Materials, 

(a) When such material is contained in airtight containers which 
may be readily opened and closed, take a sample by means of a thief 
(Sect. 1), when the material does not contain resistant particles, larger 
than I inch in cross section or, otherwise, by means of a small scoop 
or shovel. These increments should be t)laced and retained in an air- 
tight receiver until ready for the analysis. 

(b) When such material can be sampled wliilc being transferred to 
the final container for shipment, small and e(iual increments at uni- 
form and regular intervals are taken directly from the stream by 
means of a suitable dipper and combinoil for the gross sample. 

8. From Kilns, Roasters, Dryers, Furnaces, etc. — This class of 
material coiistitutes a special case, and, consecpiently, the size of 
sampling unit and manner by which it may be taken will be specified 
according to the size of particles and character and condition of tlie 
material. 

9. Sampling Non-ferrous Metals and Alloys. 

(a) In the Form of Pigs, Billets, Ingots, Rolls, Slabs, etc, — One 

pig, etc., should be t/aken to represent each ton of metal in the lot 
and (^ach of these should be sampled by one of the following methods 
after thoroughly cleaning the surface to be sampled. 

(1) By sawing completely through the specimen as illustrated by 
Sect. l(if Fig. 1. The sawdust from all the specimens is then thor- 
oughly mixed and quartered down on a clean surface and the required 
amount of sample drawn. 

' (2) By punching or drilling completely through if the equipment 
permits, or half-way through from two opposite sides as illustrated by 
Sect, Ir, lb, Fig. 1. In this case the holes shall be spaced along a 
diagonal line from one corner of the specimen to the other. Sampling 
in this manner may be so arranged that one or more holes are made 
in each of several specimens of a group in su(;h positions that they 
rep^’esent consecutive ])ositions on the diagonal of a single specimen. 
(See illustration in Sect. Ic.) These punchings or drillings are carefully 
melted in a ch^an graphite crucible, and cither granulated by carefully 
pouring ink) disl^lled water and thoroughly drying, or by casting into 
thin slabs which may be sawed completely through in several places 
and the sawdust treated as described above. Drillings may be chipped 
and mixed if convenient. 

ib) Ip the Form of Sheets. — In sampling brass discs, and sheets, 
when they can be crated so that the edges arc flush, recourse can be 
made to a portable milling machine operated by a J H.P. electric 
motor run transversely across the edgeSr** so adjusted that only a vary 
thin milling is taken from each disc or sheet. These are coned and 
quartered for thC sample. By this method the serviceability of the 
disc or s^x'ieet is not destroyed, and the completeness of the sampling 
depends only on the accuracy of adjusting the edges in the crate. 
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PROCEDURE FOR REDUCING THE GROSS SAMPLE 

By combining the several sampling units, the gross sample is ob- 
tained which should now be so large that large single chance particles 
of material could be entirely foreign matter or entirely pure substance 
and affect only slightly if at all the final sample. Increasing the size 
of the gross sample increases its accuracy, but cost and convenience of 
collection and reduction of sample, limit the degree to which this can 
be carried to advantage. The reduction of the gross sample to the 
laboratory sample is an operation which must be performed with 
^accuracy and precision. Automatic machinery and labor and time 
saving devices may be used for this operation adhering closely to the 
following general scheme with the exception that some materials of 
uniform comparison need not be linally redu(;ed as small as G mm. 
— 4 mesh — while it ma}^ be necessary to finally reduce other ma- 
terial to .14 mm. — 100 mesh — or nner. 

In sampling large shipments, the gross samide may become ex- 
cessively large and unwieldy. This may be obviated periodically 
reducing the gross sample by the Standard Long Bile and Alternate 
Shovel Procedure, and subsequently compositing these reduced por- 
tions for the final gross sample. 

IV. Reduction of the Gross Sample 

(Approx. 1000 lbs.) crushed to about 22. G mm. — 1 mesh; thor- 
oughly mixed and halved by the Long Pile and Alternate Shovel pro- 
cedure. 

Discard One-half crushed to about 16 mm. — 1.5 mesh; mixed and 
J halved by the Long Pile and Alternate Shovel procedure. 

I One-half crushed to about 11.3 mm. — 2 mesh; mixed and 
lialved by the Long Pile and Alternate Shovel procedure. 
J One-half crushed to about 4 mm. — 5 mesh; mixed by roll- 
ing on canvas; halved by Cone and Quartering procedure. 
J One-half ground to about 2 mm. — 10 mesh; ipixed by roll- 

ing on canvas; halved by riffling (or sampling machine) 
or by the quarlering procedure. ^ 

I One-half mixed and riffled down to about 8 lbs. 

The entire eight pounds is then further reduced and the required 
sample taken according to the character of the particular material. 

A portion for the determination of moisture may bC taken' at some 
point during the reduction according to the character of the sample 
manner in which the iiK^i^ture test is made. When a moisture 
sample is wanted it is necessary that the sampling units be collected 
and stored under conditions whereljy moisture would <inot be lost or ab- 
sorbed. The mixing, crushing and halving operations, preceding the taking 
of the sample for moisture should be accomplished as rapidly as possible. 
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In case the gross sample contains an exc^essive amount of water 
which would be lost in the* subsequent operations necessary to reduce 
it to the laboratory sample, it should be kept in a tight container 
during the collection of the various increments, after which it is 
• weighed and allowed to air-dry, or it may be dried artificially, and re- 
weighed. It is then in a condition to bo reduced to the laboratory 
sample according to the above scheme, taking into account, of course, 
the moisture thus driven off from the original gross sample in the final 
calculation for the evaluation of the material. 



• Fig 2. Method of Sampling Ore 

Reduefion c# Gross Sample (Long Pile and Alternate Shovel). — 

This pro( 2 edurc is based upon the method recommendiid and used by 
the U.S. Bureau of Mines. 

1. Thoroughly mix the entire gross sample, after crushing in a 

suitably manner •until all jiieces are approximately one inch or less in 
any dimension, by shoveling it into a cone-shaped jiile, depositing eacli 
shovelful on the apex of the pile. . • • * 

2. Shovel all of the material into a pile about the width of the 
shovel and apjiiriximately 10 feet .long according to the total amount 
of material, spreading each shovelful uniformly oyer the whole length 
of the pile, beginning alternately from opposite ends. (Fig. 2, (7.) 
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3. Divide the long pile into Iwo eciual portions by beginning on 
one side of the pile, at either end, and taJ^e successive shovelfuls, ad- 
vancing each time by the width of the shovel aroiiiul the i>ile, com- 
bining the first and every alternate shovelful into a neat cone-shaped 
pile as in No. .1 and discarding the second and every alternate shovel- 
ful (Fig. 2, D and E). ^ 

’ '4. Repeat the above operation on the reserved portion until a 
portion of about 500 lbs. is obtained. 

5. Crush the material until no piece is greater than approximately 
three-fourths inch in any dimension, and then repeat the above opera- 
tion (No. 3). 

6. Crush the material until no {)iecc is larger than approximately 



Fio. 3.* Jaw and Toggle Cuitsheti for Coarse and Medium Fine 
Grinding 

one-half inch in any dimension and then repeat the above operation. 

7, A portion of about 125 lbs. is now obtained which is further 
reduced by the “Cone and Quartering l^rocedure" (No. 3). 

• 

V. Reduction of Gross Sample (Cone and Qtjjirter^g) 

1. Mix the material amounting to about 125 lbs. by crushing to 
pass a 4 mm. — 5 mesh — sieve and shoveling into a deat cone 
(P'ig, 3, F and G). 

2. Flatten the cone by pressing the apex vertical^ .down i^ith the 
shovel or board so that, when quartered, each quarter will contliin the 
notarial originally contained therein. 

8 . Divide the flattened p41e into equal quarters by passing a 

straight edge board vertically twice through center of the pile- at right 
angles, each time drawing half of -the pile a few inches to one side 
(Fig. 2, if and 7). . • 

* Courtesy of Stift-tevant Mill Co. 
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4. Discard two opposite quarters and brush away all fine particles 
from the exposed surface (Hg. 2, J). 

5. Crush the remaining quarters to pass a 2 mm. — 10 mesh — ' 
sieve. Mix thoroughly by shoveling into a neat cone. 

• 6. Repeat operations No. 3 and 4 or riffle to about 20 pounds. 

7. Grind the retained sample to pass a .85 mm. — 20 mesh — 
sieve. Mix the material thoroughly on a clean canvas by raising jif- 
teriiate opposite corners of the canvas, thus rolling the material from 
side to side one hundred times (Eig. 2, K and L). 

8. Treat the sample further as required by the particular material 
being sami)lcd. 

It is, of course, impossible to reduce hygroscopic or deliquescent 
gross sami)lcs to the laboratory sample according to the above scheme 



Fig. 4.^ Crusher and Grinder in Cross SiccTroN 

« 

unless they can be ilricd or otherwise transformed into a stable con- 
dition. When it is necessary to reduce such material it should be done 
rapidly and by hand, under the most favorable atmospheric condi- 
tions in regard to humidity, etc. When a large sample is taken for 
analysis tin? exti^nt of the reduction of the sample will depend upon 
the size of the sample taken for analysis. 

VI. Apparatus for Reduction and Preparation of the Sample* 

Any #Sampling ^^ystem which does not properly control the ratio of 
the size of largest parlicle to the size of sample can not lie deiumded 
upon to produce a representative samiilt^b TJic proper ratio for alm#)st 
all material will be obtained by following the procedure outlined under 
the heading “ Prm^edurc for Reducing the Gross Sample.’’ This reduc- 
tion process is greatly facilitated by the use of. suitable crushers, 
1 By courtesy of Slurtevant Mill Co. 
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a satisfactory crusher for coarse, medium and iiiie crushing and per- 
mits a considerable- range of adaptability to suit varying conditions 
and requirements. Sinii)le adjustments allow the capacity to be 
^aried from about 200 pounds per hour for the production of fine 
material to 700 pounds per hour for c oarser material when considering 
only one of the several sizes of this type of crusher. The parts are 



8 10 
Figures. 7, *8 A and B, 9 and 10 Show Types of Grinders for Pulveriz- 
ing Laboratory Samples 


readily sfccessible for cleaning and repairing. By means of this type 
of crusher it is possible to reduce the material to about 4 mesh. ^ * 
Grinders. — Grinders are necessary ’for reducing the material finer 
than 4 mesh and may be of the roll, disc or coffee mill type, according 
to the character of the material. 

Roll giFinders arc especially adapted for brittle material. Figures 
5 and 6 illustrate a type of roll grinder which may bo readily cleaned 
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and has a capacity of 100 to 1,000 lbs. per hour when producing a re- 
duction to a fineness of 60 m(3sh and 2 mesh, 'respectively. Disc 
grinders have a somewhat greater range of adaptability than the roll 
grinder and will reduce brittle or tough maferial to a high degree of 
fineness. The grinding is accoi^fiplished between a stationary and a 
revolving steel or iron disc, the output being small and fine or large 
and coarse according to the adjustment. 

The coffee mill type of grinder is adaptable fo soft or tough ma- 
terials which have a tendency to stick to the rolls of the roll grinders 



Fig. 11 Fia. 12 


Fig. 11. Riffle Sampler, ‘'a/' cover to fit tightly over one of the boxes 
with slot in rounded tops — also fitted with tw'o lugs which fit m ends of riffle 
and help to rock evenly. 

Fig. 12. The cut shows the ajiron ot the cyliKder of this machine open for 
receiving the sample. After the sampU' is jioured in, the ajiron’s position is 
shifted, a being moved to a'. The cylinder is then revolved eounteroloekwisc. 
The closed sides of the riffles plow through and thoroughly piix the sample, 
and no sample can be discharged through the riffle while the cylinder is re- 
volving in this direction if the level of the sample Ls below the axis of the cyl- 
inder. After the sample has been mixed the cylinder is rotated one turn clock- 
wise; the sample in tne cylindi^r is then cut by the pianos of the riffle and half 
of it is discharged into the receiving tray Hic sample remaining is again mixed 
by revolving the cylinder counterclockwise. By alternately changing the di- 
rection, the sample is alternatc'ly mixed and halved until twice the size of sample 
required remains in the cylinder The tray is then emp^icvl of the discarded 
material, and the samjile remaining, mixed and halyod, and the sample caught 
in the tray is bottled and becomes the official sample, while the sample remain- 
ing in the cylinder is bottled and held as the rcserye sample. The interior of 
the machine is easy of access and should be brushed clean after each sampling 
operation. " ^ 

or to clog the discs of some types of <lisc grinders. Many kinds of 
coffee inill type grinders have been developed from which selection can 
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be made according to the character of material under consideration. 
Figs. 4 and 5 illustrate very ’^ood colTee mill types. When reducing 
material to extreme fineness the ball mill, special small laboratory 
grinders, the bucking board and mortar and pestle are always appli- 
cable for small samples. 

Another type of crusher and grinder which has been developed 
particularly for sampling coal is shown l^y Fig. 4. This crusher will 
reduce the material and deliver an accurate ten i)er cent sample in 
one operation. By rej)cating the oi)eration on the aliquot the sami)le 
may be further reduced. 

For many materials tliis crusher would serve to entirely reduce the 
gross sample to the laboratory sample witii a very small amount of 
labor. 


VII. Mixing and Dividing Samples 

Large samples (500 l])s. or more) arc usually mixed and divided by 
the “ Long Pile and Alternate Shovel procedure or (500-100 lbs.) 
^by the “Cone and (Quartering” procedure. 

Small sami)lcs (less tlian 100 lbs.) are usually mixed by rolling on 
a clean canvas, whereby the j)arlicles are given a rolling motion in 
alternately opposite diiections, the dividing being done by (luartering 
or, more accurately and rapidly, by passing it through some form of 
a riffle. A convenient and serviceable typo of riffle is illustrated by 
Fig. 11. Another and more simple type is shown by Fig. 12. 

« Ylll. The Use of Standard Sieves 

This section is based upon tlie specifications issued by the II.S. 
Bureau of Standards (1912) and adopted the Amcr. Inst, of Min- 
ing Engineers (1017). 

The essential (juaiitity^ in the definition of a sieve of a particular 
size is, priinarily, the size of the oi)eniiigs through which the particles 
to be* sifted are to pass. 

A series of i^ieves of difToreiit sizes sliould have the openings vary 
uniformly, accoriling to the size of the particles desired to separate. 
Inasmuch as» mosV of the grinding of substances to fine particles is 
chiefly with the object of increasing the surface ui)on which some 
chemical action is to take place, the opening of such a series of sieves 
should vary in such a way that the square or fourth powers of the 
width of the operynjrs shall form a geometrical series. 

While the sampling ])rocess does not rc(|uire extremely accurate 
sieves it is advisable to use those which conform approximately to a 
standard specification. Conseciuently wKeiiever reference is made to a 
sieve it will be understood to comply with the following specifications, 
'which have been auoptod by a conference of representatives of various 
scientific and technical societies, government bureaus, and private 
firms, held at the U.S. Bureau of Standards. 
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This sieve scale is essentially metric. The sieve having an opening 
of 1 mm. is the basic one and the sievec above and below this in the 
series arc related to it by using in general the square root of 2 (1.4142), 
or the fourth root of 2 (1.1892), as the ratio of the width of one opening 
to the next -smaller oi)cning. The first ratio is used for openings b> 


DesiKnation of 
Sieve, Metric 
System 

Customary 

UsaRe 

Opening 

Mill Inch 

Number of Mesh 
per Linear 

Vmtimeterl Inch 

Diameter of Wire 

Mme 1 In cl' 

128.0 

mm. 



128.0 

5.04 



9 5 

0 375 

90.5 




90 5 

3 56 



9.5 

0.375 

04. 0 




64 0 

2 52 



6 4 

0 25 

45 3 

tt 



45 3 

1 78 



5 26 

0.207 

32 0 

it 



32 0 

1 2(> 



4 85 

0.192 

22 0 

fi 

1 

mesh 

22 6 

0 891 



4 11 

0.162 

10 0 

n 



16 0 

0 630 



3 05 

0 120 

11.3 

ti 

2 

It 

11 3 

0 445 



2 67 

0.105 

8 0 




8 0 

0 315 

1 0 

2.54 

2 00 

0 079 

5 60 

(( 



5 ()6 

0 223 

1 4 

3 5() 

1.48 

0 058 

4.00 

<{ 

5 

it 

4 00 

0 157 

2 0 

5.10| 

1 00 

0 039 

2 83 

ic 



2 83 

0 111 

2 75 

7 00| 

0 81 

0 032 

2 (X) 

<( 

10 

it 

2 0(» 

0 079 

3 9 

9 9 

0 50 

0.022 

1 41 




1 41 

0.0555; 

5 0 

12 7 

0 59 

0.0332 

1 00 

<< 



1 00 

0 0394 

7.0 

17 8 

0 43 

0 0169 

.85 

“ 

20 


0 85 

0 0335| 

S 0 

20 3 

0 40 

0.0157 

.71 

i( 



0 71 

0.0280 

9 0 

22 9 

0 40 

0 0157 

.59 




0 59 

0 0232 

10 0 

25 4 

0 41 

0.0161 

.5 

{( 

30 

tt 

0 50 

0 0197 

12 0 

30 5 

0 33 

0.0130 

.42 

(( 



0.42 

0 0165 

14 0 

35 6 

0 29 

0 0114 

.30 


40 

U 

0 3() 

0 0142, 

16.0 

40 6 

0 26 

0.0102 

.29 


50 


0 29 

0 01 i i; 

20 0 

50.8 

0 21 

iO 0083 

25 

ti 

(iO 

a 

0 25 

0 0098 

23 0 

58 4 

0 185 

0.0073 

.21 

it 

70 

a 

0 21 

0 00831 

27 0 

68.6 

0.16 

0.0063 

.17 


80 


0.17 

0 006' 

31.0 

78 7 

0 15 

0.0059 

14 

ti 

100 

a 

0 14 

0 00551 

39 0 

99.1 

0 116 

0 0046 

. 125 


120 

a 

0 125 

0 0()19| 

47 0 

119 4 

0 089 

0.0035 

.105 


150 


0.105 

0 0041 

0 

149 9 

0.064 

0 0025 

.088 

ti 

170 

a 

0 088 

0 0035 

67 0 

170 2 

0 061 

0 0024 

.074 

tt 

200 

u 

0 074 

0.0029| 

79 0 

200 7 

0 053 

0 0021 

.062 

tt 
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a 

0 062 

0 0024 

98 0 

248 9t 
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0 0016 
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It 

280 

n 

0 052l 

0 0021 

no 0 

279 4 

0 03‘) 

0.0015 

.044 

it 
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a 

0 014 

0 0017 

127 0 

m.o 

1) 035 

0.(X)14 


tween 1 mm. and 128 mm. while the fourth root of 2 is used as the 
ratio for openings below 1 mm. to give more sievete in that part of the 
scale. 

I 

IX. Container^ for Shipment to Laboratory 

Samples in which tlie moisture content is irnpoktant should always^, 
be collected and. shipped in moisture-tight containers. At galvanized 
iron or tin can with a screw top ‘which is sealed with a rubber gasket 
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and adhesive tape is best adapted to this purpose. Glass fruit-jars 
sealed with rubber gaskets mt'y l)e used, but require very careful pack- 
ing to avoid bfeakligc in transil.. Samples in which the moisture 
content is of no importance need no special protection from loss of 
rjoisture. 

X. Drying Ovens for Moisture Determination 

Samples may be dried by means of a foj'ced draft of air at a 
slightly elevated temperature, or by heating at 100-110° C. in a well- 
ventilated oven until a constant weight is obtained. The former 
procedure is particularly adapted to material which has a tcndejicy to 



Air Drying Oven 


Eto. 13. Dryer for Coarse Samples. The outlet for air at the top may be 
connected with a, chimney or any other devic(‘ wliich will furnish a suitable 
draft, 'riie sample is spread ' ii turod pans, w^eighed, and dried at 10° to 15° C. 
above room teniiierature, and weighed again. The drying should he continued 
until the loss in weight is not more than 0.1 per cent per hour. 


undergo undesirable chemical or physical changes upon prolonged 
heating at e^vatad temperatures or for rapidly removing extraneous 
moisture prcjiaratory to grinding. The latter procedure is usually 
employed fpr quantitative determinations on small finely ground 
samples. In either case a good system of ventilation and a delinite 
upiform temporatpre are the chief considerations. 

Figur(/l3 illustrates an oven for drying large samples by means of 
a current of heated air. Fig. 14 show'^s a type of oven with a good 
ventilating system. Fig. 15 illustrates 'a' vacuum drjdng oven which 
may be necessary for special work. 

* This section on sampling was contributed by J. B. Barnitt, Chief Chem- 
ist, General* Chemical Companv. “Stjindard Methods of Chemical An- 
alysis/’ W. W. Scott. Published by D. Van Nostrand Company. 
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WEIGHING 

§ 21. Use of the Balance.^ 

1. Construction. — Qiuuilitative processes involve deter ini nations 
of the relations existing between two masses of matteV, but, since both 
masses are (Ictcrinined by means of a beam balance under identical 
conditions the distinction between mass and weight can be disregarded. 
The accuracy of such processes must depend in part upon the accuracy 
with which the two weighings are made, and instrument makers have 
developed certain forms of balances known as analytical balances 
the use of which makes it possible to reduce the errors from this 
source to insignificant proportions. The details of the mechanism 
used by different makers for the adjustment and protection of such 
balances vary, but since all are based upon the use of essentially the 
same principles, only one ty])c will lie described here. 

2. The beam of such a balance is represented in 1^’ig. 16. It is 



Fto. 16 . Bkam of an ANAi.YTirAL Balance 


constructed of such material, and in such a form, as to combine the 
maximum degree of rigidity and strength, with the minimum weight. 
It is suspended at its center on a horizontal axis, which is made of 
agate and accurately ground to a knife-blade edge, as shown at A of 
the figure. This axis rests upon a strip of polished agate supported 
upon the top of a pillar, and the beam is free to turn in a vertical 
plane about this* axis. Two other knife-blade eilges B and B' , which 
are of a similar construction but with edges turned upwards instead 
of downwkrds, are fixed at the two ends and equidistant from the 
center. These edges sustain specially constructed stirrups, which* are 
also provided with strips of agate, C and C' of the figure, at the 
points of contact; from them are suspended two pans, one of which 
supports the substance being weighed, and the other the weights used* 
The beam may be regarded as a compound lever in which the ful- 
crum is at the axis of suspension. If the two arms arc of ecpial length, 
and if the pans and the loads which they contain are of equal weight, 

* ^‘Principles of (hiantitative Analysis,’' by W. C. Bhusdale. D. Van Nos- 
trand Co., Publishers. By courtesy of the author. j 
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the effect of the force of gravity upon tl}c two ends of the beam is 
identical, and a depression of one end of the beam, will produce a 
series of vibrations similar to those of a pendulum. 

The process of weighing consists in placing the substance whose 
weight is to be determined in one# pan, and adding weights to the other 
until the two counterbalance each other. This point can be recog- 
nized by observing the movements of the 
beam, and a pointer, the u})per part of 
which is sliown at I), is attached to it for 
[the purpose of magnifying these movements; 
a small ivory scale, represented by Fig. 17, 
is place<l just back of the end of the pointer. 
Fro. 17. Scale of Balance in order to make it possible to measure and 
record the magnitude of these movements 
with respect to the central axis. The center of this scale, which is 
directly below the axis of suspension, should be marked 10, the tenth 
division to the left 0, and the tenth to the right 20; this method of 
marking the scale at once indicates whether the numbers recorded are 
to the left or the right of the center. 

3. As the movement of the beam is greatly retarded by friction, 
and as the friction losses increase very rapidly as the knife-blade 
edges lose their sharpness, it is necessary to protect these bearings 
against needless wear; hence, analytical balances arc often provided 
with two sets of rests, known as beam-rests and pan-rests 
respectively. The bearn-rests are con- 
trolled by a milled button, placed at the 
center and on a level with the floor of 
the balance case. When rotated it turns 
an eccentric, which raises a rod passing 
through the center of the pillar of the 
balance, and this in turn raises two hinged 
arms E and E', which lift the knife-blade 
edge A from the agate i)late, and also the 
stirrups sustaining the pans from the 
knife-blade edges B and B' on which 
they rest. The hinged arms are also fig. 18. ^Base of Balance 
provided with two studs F and F', Case 

which fit into a cup and a trough termin- 
ating the two studs G and U', fastened to the beam. The effect 
of raising and lowering the beam-rests is to bring the beam into exactly 
the same position with respect to the agate plate upon which it rests, 
c 4. The i)an-rests are controlled by a small knob placed at the left 
of the center, as shown at ‘/'of Fig. 18. When a slight pressure is 
applied to this button, the rod to which it is attached moves the lever 
J which carries two arms K and* K' and causes these to drop. Ordi- 
narily these arms' impinge upon the bottom of the pans L and L' and 
•(IC and 1/ arc nnt shown in the (*ros.M section tlniwing .‘ibove.) 
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Sodium and Potassium ^ 

The filtrate contains sodium and imtassium and may be used for 
such unless the water is highly mineralized, in which case a tiew por- 
tion, 100 cc. to 500 cc., should be taken. 

Evaporate to dryness, add saturated solution of barium liydrate in 
excess, filter, wash with hot watc^r, add to tlie filtrate ammonium 
carbonate in excess and a few drops of ammonium oxalate, boil, 
filter, evaporate again to dryness and dry at a high temperature to 
expel excess of ammonia salts. Redissolve, add slight excess of am- 
monium carlxmate again and continue until no further precipitate 
is formed on such addition. Evaporate to dryness in a weighed 
platinum dish, remove ammonium salts by high-teinperature dry- 
ing, and weigh the co’nd)ined chlorides of sodium and i>otassium. 
Moisten with about 25 cc. of water and a few dro[)s of H(d and add 
from 1 cc. to 5 cc. of \0% solution of platinic chloride (1 cc. to each 
25 milligrams to ^10 milligrams of total chlorides). Eva})orate to dry- 
ness on the waiter bath, take up and wash with 95 Cc alcohol until filtrate 
is free from color. Dry, rcdi.ssolve precipitate, washing through the 
filter paper in hot water, i'lvaiiorate again to dryness and weigh as 
KaPtClc. 

K.PtClr. X .101 = K. 

K.rtCU X .307 = K(n. 

Deduct from combined weight of chlorides. Remaining 
NaCl X .394 = Na. 

Noi'E. — WluMi separation i.s not n(‘ccssarv, the combined chlorides are 
calculated as "sodium chloride, and reported as sodium and potassium chlorides. 

, Alkalinity 

In ordinary cases titrate with^^N/lO or N/50 ITjS 04 , using methyl 
orange as indicator. Speinal cases will be considered later. 

Reagents. — Sulphuric acid, N/10. Methyl orange. Phenol- 
phthalein. 

Operation. — 250 cc. of water in a 400 cc. beaker or a casserole are 
titrated with N/10 IT 2 S() 4 , using two to five drops of methyl orange 
indicator (or 50 cc. can be similarly titrated with N/50 H 2 S(> 4 ). 

Calculate for 250 cc. sample. 

No. cc. X 4 X .005 = gms. per liter CaCOs. 

No! cc. X 4 X 58.4 X .005 = grs. per gallon CaCOs. 

Or cc. X 1.168 -grs. per gallon (-aCOs. 

Distilled water, and neutral waters containing magnesium chloride 
and magnesium sulphate frequently Vve an alkaline reaction wheii used 
with methyl orange. In such cases from .2 to .8 cc. of N/lO acid are 
required to discharge the alkaline color of the methyl orange. Slich a 
^procedure would suggest to the operator that the waters were alka- 
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line. However, if such neutral waters arc boihid with phenol phthalein 
an indicator for twenty minutes and no pink color develops, the 
waters arc not alkaline but neutral. The use of a blank of .2 cc. is 
of no value under such conditions and it apf)ears to' tlic writer as 
much the safest way when the titration is under 1 cc. of N/lO acid 
that the water be boiled with plKUiolphtluilein in an effort to de- 
termine absolutely whether this water is alkaline, due to the presence 
of a carbonate as indicated l)y the methyl orange, or whether the 
alkalinity is entirely due to the hydrolizing of the calcium or mag- 
nesium base present in the absence of alkali. When no pink color 
is produced the water should )>e jironounced neutral. 

Phenoljihthalein may also be used as indicator on another 250 cc. 
portion, using the above ])roeedure. Tliis titration in connection with 
the methyl orange titration makes jiossible.'a determination of the 
relation of carbonate, bicarbonate and caustic aIk^llinit 3 ^ 

Acidity 

For acidity use N/10 Naof.'Oa and 250 cc. of wall r. 

Acidity due to rndiculoi Hot or Cold. 

Carbonic and sulphuric acids, also Fe and A1 

sulphates , . ' PlK'nolpbtluilein (V>ld 

Sulphuric acid, also Fc and Al sulplviUs . IdienolidithaU'in Polling 

Sulphuric acid alone . Methyl orange Cold 

When desired, 20 cc, of N/iO iiiav 

be added. Soil fifteen to twiaity minutes, 
cool and titrate, noting the excess of acidity 
ove r the OTiginal 20 cc,. 

Free Carbonic Acid 

Reagents. — Either standard N/lO sodium carbonate of standard 
N/22 sodium carbonate. For the latter dissolve 2.41 grams of dry 
sodium carbonate in one liter of distilled water which has been boiled 
and cooled in a carbon dioxide free atmosphere. Hold both solu- 
tions in glass bottles protected by tubes filled with soda-lime. 

One cc. of N/lO Nh 2 Cf >3 = 2.2 milligrams of COo. 

One cc. of N/22 Na^COa = 1.0 milligram of C(> 2 . 

Operation. — With N/10 sodium carbemate titrate 250 cc. of the 
sample in a 400 cc. beaker, using phenolphthalein as indicator. First 
faint# but permanent pink denotes ^end-point. 

Using 250 cc. 

No. cc. of N/10 NaaCOs X S.8 = CO 2 parts per million. 

No. cc. of N/10 Na 2 C 03 X J513 == CO 2 grains per gallon. 
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With N/22 sodium ciirbojiate solution, use 100 cc. of the samjilo, pre- 
ferably in 100 ce. Nosslcr tube, titrate and rotate the tube until a faint^ 
but permanent pink color, porsistinjj; for 30 seconds without fading, 
is produced, using phcnoli)hthaloin as indicator. 

Using 100 cc. 

No. cc. of N/22 Na^UCh X 10 = C (>2 parts i)ct million. 

No. cc. of N/22 NajCUa X .583 = CO 2 grains per gallon. 

Chlorine 

Titrate 100 cc. of the water, using 1 cc. of 10 potassium chromate 
as an indicator, witli N/IO AgNOa b) iirsl })cnnaiient indication of 
the rod silv(;r chromate. (Acid waters should be neutralized and sul- 
phide) wjit('rs boiled with a drop or so of nitric acid and thcii neu- 
tralized for reliable results.) 

No. cc. X 3.42 = grs. per gallon of Nafd. 

Ufo. cc. X 58.40 = parts per million of NaCl, 

No. cc. X 35.40 - parts per million of (U. 

Note. — Where qualitative test slums chlorine to*bc high, smaller por- 
tions of th(‘ sample should he taken, either hy eertifi(‘d ])ipettc-, or burette, anil 
when the titration with N/IO AgNOj is less than .2 cc:., N/.W or N/lOO AgNOa 
should be used fur accuracy. 

Ammonia and Its Compounds 

Place 500 cc. or loss in an 800 cc. Kjeldahl flask, make alkaline 
and di.still ^nt,o N/10, or weaker, HC'l, titrate back using cochineal 
indicator or Nnsslorizc, by distilling oft three 50 cc. portions of a 500 cc. 
sanijilc, to whii'h has been added a slight excess of pure* sodium carbonate, 
cateking the portions in Nessier jars. Tfic ajiparatiis should be cleaned 
out, lU'cviously, by a similar ])roco(i(jre 'with pure water. To each 50 cc. 
poTtAoii 2 cc. oi NessWs soUitvon are added and comparison made with 
standards c^mtaining known amounts of ammonia. 

Nitrates. — A volume ot*500 cc. of the water is made slightly acid and 
boiled, then made alkaline wdth sodium hydroxide,* 10 grams of powdered 
aluminum added and 150 cc. distilled off into a lioric aciil solution (5 g. 
per 100 cc.) methyl orange indicator is added and the ammonia titrated 
with standard acid. Correct to pquivalenj; HNOa. 

Hydrogen .Sulphide 
« 

iJuc to tiie fact that hydrogen sulphide is frequently very tran- 
sient and often oxidizes to sulphate in transit, it is advisable to col- 
lect this sample in a special container at the point of sampling, ^wo 
or three bottles holding exactly 2,50 cc. of water each, are used, each 
bottle containing 50 cc. of N/IOO iodine solution. After filling, the 
J^ottle is sealed. The sample is titrated with standard N/lOO sodium 
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thiosulphate upon receipt at laboratory, at which time a blank is 
run, using 50 cc. of iodine solution made to mark with distilled water. 
The difference between the titration of the sample and the blank 
represents hydrogen sulphide present. 

Iodine value X 0.1263 X 4 = sulphur value grams per liter. 

For samidcs received in tne laboratory, where the sul])hido odor 
is marked, or where the sample is slightly turbid, and the odor is 
gone, and a method is desired, or an estimated figure asked for, ])ro- 
ceed as follows: — 

100 cc. of the water taken under the same conditions as the 
sample for Total Sulphate is oxidized with bromine, and, after a 
sufficient period of boiling, the sulphat(‘s are precipitated, using 
barium chloride in exatdly the same manner as recommended for the 
sulphate determination. 

The difference between this total sulphur and fixed sulphur, — 
as the regular sulphate determination is called, represents sulphur ex- 
isting either as hydrogem sulphide or as separated sulpfiur, originally 
hydrogen sulphide, ajid should be calculated as sucli. 

Oil 

Frequently waters from condensing ('ugine, or after passing 
heaters or oil separators, still contain oil in smtill (piantities. The 
following method has been found most satisfactory. 

Reagents. — Ferric Cldondc Solulion, (10 grams of iron dis- 
solved in 200 cc. of IlCl, oxidized with llNCJa and made to one liter.) 

Ammonia C.P. 

Note. — If the oil ex(M‘cds 0.4 grain p(T gallon, us() 500 cc. or less for the 
determination; if below 0.4 grain per gallon use 1 liter. 

Operation. — .Add to the water taken in fi large beaker or flask 5 
cc. of the “ferric chloride’^ solution and liGat nearly to boiling; then 
add ammonia in exc(;ss, to yirecipitate the iron (which precipitate 
contains all the oil), and boil for two minutes. 

Allow to stand a few minutes and filter through a 15 cm. filter 
paper which has been previously extracted with ether, transferring 
the precipitate on to the pap^ir with .hot water, and washing three 
or four times with hot water. Then dry both filter and precipitate 
in the water oven at 100° C. and when dry, extract with ether in 
the Soxhlet in the usual way, evaporate the ether extract and weigh 
the remaining oil. 
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Dissolved Oxygen 
• Winkler Method 

Reagents. — Manganous Sulphate Solution. 48 grams of manganous 
sulphate dissolved in 100 cc. of distdled water. 

Iodide Solution. 300 grams of NaOlI and 100 grams of KI dis- 
st)lved in 1 liter of distilled water. 

Concentrated hijdrochloric acid^ or sulphuric acid sp.gr. 1.4 (dilute 1:1). 

Sodium Thiosulphate Solution.^ N/TOO solution is made as needed 
from the N/10 stock solution. 

Starch Solution. — The starch should first be made into a thin 
paste with cold water and about 200 times its weight of boiling 
water stirred in and boiled for a few minutes. A few drops of chloro- 
form will assist in preserving this solution. 

Collection of Sample. — A small-necked, 250 cc. bottle should be 
used, etchci^ or otherwise marked, with its exact volume [ireviously 
tletermined. The collection should be so arranged as to exclude outside 
air and rc^sult in several continuous'* changes the contents before 
stoppering, care being taken to exclude air bubbles. 

Operation. -- To sainpl(‘ as received add, in both cases by pipette, 
delivering below surface of water and away from the air, 2 cc. of 
manganese sulphate reagent and 2cc. of Na()H,KJ solution. Hestopper 
and shake thoroughly. After precipitate lias settled add 2 cc. of HCl 
or 112^^04 and again mix by thorough shaking until jirecipitate has com- 
pletely dissolved, transfer 100 cc. to flask, and titrate with standard 
sodium thfosulphatc, using starch a.s indicator near end as the color 
approaches a faint 3 'ell()w. 

,N = C(! N/1(M) tlnosulijhatc solution. 

V = lapacity of bottle Ic.ss 4 cc. ^ol Mn804 alid KT solutions). 

0*= the jiniount of oxygen in parts per million in water saturated at the 
.same tciiipi^rature and f)r('s.sure. • 

(1) Oxygen m p.p.rn. ' = ^ 1,0 00,000.. .gN. 

(2) Oxygcji in cc. per liter - .7 oxygon p.p.m. 

(3) Oxygen per cent saturation = 

‘ Ox ygen p .p m.*(ob.s erv ccf temp and pres.) 

.Saturation ox.ygen p p.m. (observed temp, and pres.)’ 

'Not permanent; should be frequently restandardized against N/lOO 
potassium bichromate. 

The addition of 5 (ic. of chloroform plus 1.5 grams of sodium or amqjoiiium 
carbonate to each liter of solution on mixing will improvt* its keeping quality. 

N/40 sodium thiosulphate containing 0.2 grams of CM*, rec'ry.stallized salt 
per liter may be preferred to N/lOO strength. 1 cc. of this solution is^pquiva- 
ient to 0.2 milligram of oxygen by weight or 0.1395 cc, of oxygen by volume, 
'standard conditions. • • 
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HARDNESS 
Total Hardness 

The most accurate metliod for total hardness is by calculation of 
the calcium and inaRncsiimi ^cterniincd gravimetrically as jireviously 
outlined, calculating the calcium as calcium carbonate and the mag- 
nesium to its calcium carbonate equivalent in terms of parts per 
million. However, where only the hardness is desired, gravimetric 
methods are cumbersome and the following are accepted as standard. 

The standard method for the determination of total hardness, as 
well as temporary and permanent, depends uj)on the action of the 
lime and magnesium in solution upon soap, thp soap added in a very 
dilute solution in alcohol. Total hardness rej)resents the total soap 
acted upon by the water in its original state, permanent liardness rep- 
resents the total soap acted upon by the water after tlie water in 
question has been thoroughly boiled and siqiaratcd fpni the sus- 
pended matter, and temporary hardness repn'sonts the difference 
between the total hc.rdness and the permanent hardness, and while 
it is supposed to represent combined carbonates of lime and mag- 
nesium, and the permanent hardness is supposed to represent lime and 
magnesium in other forms than carbonate, this is rarely so due to the 
fact that a certain material amount of carbonate of lime and mag- 
nesium is soluble in water, even in the absence of carbon dioxide gas. 
The reagents used are slaiuiard soap solution and standard calcium 
chloride solution, the latter being made under such conditions that 
1 cc. of the solution is equivalent to 0.2 milligram of culcium car- 
bonate. 


Plreparation of Solutions " 

0.2 gram of pure calcium carbonate is dissolved in a small amount of 
dilute HCl, taking pains to avoid anj'' loss due to elTervdscence or 
spattering. Evaporate the solution to dry^iess several times to re- 
move excess acid. Dissolve in distilled water and make uj) to 1 
liter. 

Standard soap solution is obtained by dissolving approximately 100 
grams of dry castile soap in 1 lit^r of 80% alcohol.. This solution should 
stand several days. For standardizing, this solution should be diluted 
with alcohol (70% to 80%), until G.4 cc. when added tD 20 cc. of 
standard calcium solution will produce a permanent lather. Usually 
less than 100 cc. of the original soap solution will make 1 liter of 
standard solution. . 

For standardizing, use a 250 cc. glass-stoppered bottle, add 20 cc. of 
calcium solution with 80 cc. of distilled water. The soap solution should 
be adifed from a burette, approximately .2 cc. at a time, after which 
the bottle is shaken vigorously until the lather formed remains un-^ 
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broken for five minutes after shaking and after the bottle has been 
placed upon its side. ^ 

Note. — Pure potassium olcate and potassium carbonate may be used in 
place of soap. , 

Operation. — Fifty cc. of the water in question arc measured into 
a 250 cc. bottle, the soap solution addffd, approximate^'^ .2 cc. at a 
time, and in the same maimer as described for the standardizing of 
said soap solution. 

In making tliis determination there is frequently noted a false 
end-point sometimes known as the magnesium end-point. To avoid 
error, it is advisable, after completing the titration, to read the 
burette, add 0.5 cc. more of the soap solution and shake well. If 
magnesium lias been responsible for the false end-j)oint, after such 
adilition the lather will again disajipear, dnd titration should be con- 
tinued until a new and true end-point is reached. It is advisable to 
determine the strength of th(i soap solution from time to time, as it 
IS very pronc'to change upon standing. Itesults should be recorded 
in terms of calcium carbonate, jiarts per million.^ There are various 
other means of reporting. The iMiglish degree, frequently noted as 
('lark degree, rciiresents grains of calcium carbonate per Imperial gallon 
and should be multiplied by 14.3 to give parts per million. Con- 
versely, the result obtained in parts })er million divideif by 14.3 will 
give C3ark, or ICnglish degrees. French degrees represent parts per 
lOOjOOO of calcium carbonate and should be multiplied by 10 to give 
parts per million. (Junversely, division of the result, obtained above 
by 10 will give French degrees. German degrees represent })arts per 
100,01)0 of calcium oxide and should be multitilied by 17.S to give parts 
per million of calcium carbonate. The determination of hardness is not 
rclii^lc on account of the varying action of, calcium and magnesium 
salts, and should never be reso^-ed to when possible to determine 
these bases direct. • , 

For 'p^rnument hardness the standard soap solution is used as 
above stated. The water, ^however, is boiled gently for one-half hour, 
allowed to cool, made to volume with boiled and cooled distilled 
water and filtered, after which the above method is used. The dif- 
ference between total hardness and permanent hardness is supposed 
to represent tomi)orary hardncjss. T\\%(ilkahmtn dc^termination given 
on a previous page is a much moMi accurate method of determining 
temporary hardness, however, and is also much more easily carried 
out. When total hardness and alkalinity are determined, permanent 
hardness would be the difference between these two figures. For 
comparative use as against total ajid yvrmane.nt hardness determined 
as such, the results would be much different, as the alkalinity deter- 
mination of all the carbonates would give a permanent hardness 
representing absolutely non-carbonate hardness; whereas the tleter- 
#rtiined permanent hardness wouldf contain a material amount of com- 
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bincd carbonates of lime and magnesium. The American Public Health 
Association, Committee on Standard Methods of Water Analysis, rec- 
ommend that the determination of permanent hardness by the soap 
solution be discontinued in connection with softening process, as it 
is so unsatisfactory in general practice. 

Total Mineral Content. — Evaporate 50 cc. to dryness and bake for 
30 minutes at 130° C. Weigh as total solids. 

Weight X 1168 = grains per gallon. 

0.1 milligram = 2 parts per million. 

If much organic matter is present, after wTighing, ignite at red heat to 
destroy organic matter, add a little ammonium carlionatc, heat to 130° C. 
and again weigh, repeat until constant. 
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METHODS OF REPORTING AND INTERPRETATION 

Tlie manner of reporting the results of a mineral analysis of any 
water calls fo» as much thought and uniformity as the methods of 
analysis themselves, and in this department there is much less uni- 
formity than in the case of analytical methods. Undoubtedly, the 
ideal method of reporting is that whioli gives results in Ionic form 
(positive and negative radicals), in terms of parts per million or 
grains per gallon. The latter term is purely" American and would 
have to be converted for comparison with results obtained in almost 
any foreign country. Tarts per million, though newer and still un- 
familiar to all but professional and scientific* men, is gaining gradually 
a strong foothold, and the consideration of this terminology with 
the Ionic form of reporting will be considered prior to the discus- 
sion of hyjjothotical (combination and grains per gallon. 

Mr. Herman Stabler,’ and R. B. Dole,^ of the United States Geo- 
logiccal SurAJ^ey, have dcAused and simplified certain calculations and 
formulas, wh%}h greatly assist in the interpretation, comparison, and 
classification of waters for Industrial ;ind Irrigation ’’ purposes. For- 
mulas witli reference to dissoWed solids will b^ the only ones dis- 
cussed her(‘. The following table gi\^cs reaction coefficients; 


Positive Uadiciila 

R<*aol loti 
C’oeffieientf. 

Negative Hadi<;aK * 

Ileuetion 
( 'oefficieiitH 

I'crrous Iron (Fe) 

Alurninuni (Al) 

("alciurn {Cii) 

Magnesium (^Ig) 

Sodium (Na) 

Potassium (K) 

Hydrogen (H) 

0. 035S 
.1107 
.0499 
.0822 
.0435 
.0256 
992 

Garhonatc (('O3) ■ 

Bicarbonate (IK/Os) .... 

Suljdiate (SO4) 

C3dorino ((’1) 

Nitrate (NO3) 

0 0333 
.0164 
.0208 
0282 
.0161 


Using the above table, the pR'ts per million of each radical mul- 
tiplied by^ its reacting coefficient will give its reacting value, and 
in the formulas which folj^iw this will be indicated by “ r ” prefixed 
to the chemical symbol of the radical. . 

For checking the accuracy of the analysis, the sum of the posi- 
tive reacting values should equal the sum of the negative reacting 
values, and the formula, 

100 = E, the percentage error of the analysis, 

r. Bos. + r Neg. f i ^ 

The value of this error should never exceed 5 for Avaters of 100 p.p.in. 
or more of dissolved solids, and should be 2 or less. 

’ Eng. News, 60, 35.^, 1909. 

^ Water Supply Paper No. 274, p. 16o, Wat(*r Supply Paper No. 254, J. 
Ind. and Eng. Cmim., 6 ^914), No. 7, p. 710 
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In ordinary aiialysis, silica, iron and aluminum are present in such 
small quantities that they may, for simplicity's sake, be ignored. 
♦'Phe following formulas arc given without comment, as full details 
can be found in Water Supply Paper No. 274. 


Water Softening 

For 1000 Gals, of Water. — Pounds of lime (90% CaO) required. 

= 0.20 (rPe + rAl + rMg + rll + rllCOa + .0454 CO 2 ). 

Pounds of soda ash (05% Na-^COj) required 

= 0.405 (r]'\‘ + rAl + rCa + rMg + rll - rCO., - rllCOs). 

Note. Dr. Ilide states the following. Instead of the extendc^d formulae of 
the Ionic system, I iniKih prefer my sini])le formula*. 

(Alkalinity x .44 + free CO 2 ) X .0100 -= lbs of CaO per 1000 gals of feed 
wate^r. 

Also (Total hardness ~ total lime) x .0047 = lbs. of CaO per 1000 gals, of feed 
water, or total magnesia as C^aCOs. 

(Total hardn(*ss - alkalinity) x .009 = lbs. of Na 2 CXl 3 per 10^)0 gals, of fei'd 
water, expressed as CaCOa. 


Foaming and Priming 

Foaming coefficient F = 2.7 Na. 

Taking into consideration the various boilers and the action of 
various waters in practice, the following ajiproximaie classification of 
waters for foaming conditions is of value: 

Non-foaming, F = 60 or le.ss. 

Semi-foaming, F = 60-200. 

Foaming, F = 200 or more. 

4 

• Corrosion 

For Acid Waters * 


Coefficient of corrosion C 

= 1.008 (rll 4- rAl + rFe + rMg - rCOa - rH 2 C 03 ). 

For Alkaline Waters 

C = rMg T rll^COa. 

• 

If C is positive, water will corrode. 

If^ C + .0503 Ca is negative, wQter will not corrode on account of 
the mineral materials in the >vater. 

If C is negative, but C — .0503 Ca is positive, the water may or 
may hot corrode. 
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Scale 

Si02 + 2.95 Ca + 1.00 Mg = scale p.p.iii., 
or 

• 

' (.00833 Sm + .00833 Cm + .3 rFo + .142 rAl) + .108 rMg + .492 rCa 

. = scale Ib.s. per 1000 gallons. 

There are also formulas given in th(‘ Jihovo-mentioned Bulletin 
on soap cost, linu^, soda, soda ash, (*ost hard scale (pounds per 1000 
gallons) and a hardness coeflicieiit of the scale formatjon. 


• Irrigating Waters 

xi Ikali ( ^oejji cient 

(а) Whei^ Na — .05 Cl is zero or negative. 

20t(i 

Alkali coefficient, k = — - • 

( б ) When Na - .05 Cl is positive, hut not greater, than .48 SO 4 , 

Alkali coeflicieiit, k = 7 n * 

Na -f 2.0 C:i 


(c) Wh<^n Na — .05 Cl — .48 SO 4 is positive, 


Alkali coefficient, k = 


__ 

Na - .32 Cl - .43 SO 4 


ChissiTication on basis * 0 ! alkali coefficient: 


Alkali CoofficK'iit Class 

More than 18. . Good. . 
IS to 6 . . • Fair * . , 

5.9 to 1.27 . . . Poor . . 

Less than 1.2 . . Bad 


Rom arks 

Tliive been used aiiccessfiilly for many years with- 
out special care to prevent alkali accumulation. 

Spccftil care td prevent gradual alkali accumula- 
tion haS generally boon found nrce.ssary ex- 
cept on loose .soils with free drainage. 

Care in .selec'tion of .soils has been found to bo im- 

{ lerjitive and artificial drainage has frequently 
)een found necessary. 

Pracjtically valuele.sH for irrigation. • 


^ Can be omitted or ignored unless suspended matter, .silica, etc., arc^present 
large quantities. . 
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^ Hypothetical Combinations 

The use of hypothetical combinations in the reporting of a mineral 
water is frequently of value, in that it gives a more rapid way of plac- 
ing in simpler terms the ])rincipal materials present in the water. It 
should never be assumed from the hypothetical combinations that 
the materials so reported are ])resent in the water in that i)articular 
form, but it is assumed by most, that the form in which such mate- 
rials are reported will represent the condition in winch those mate- 
rials will combine when the water is subj(‘cted to increased pressure \ 
and increased temperature. In other words, the hjqiothetical com- ' 
binations most generally in use represent the way materials will ap- 
pear when combined, due to the law of mays action under steam- 
boiler conditions. 

P'or such purpose the method which takes care of the insoluble 
materials or materials leaving the water first is the most common 
method in use. This method combines as follows: Wher^’ the sum of 
the sulphate and carbonate radnals exceeds that of lime and mag- 
nesia as bases, the lAagnesia is first calculated to carbonate, the re- 
maining carbonate is combined with lime, the remaining lime with 
sulphate and the remaining sulpliate with sodium. This also takes 
care of the general condition where tlie carl)onat(*s alone are in 
excess of the combined carbonates of lime and magnesium, in 
which case the remaining carbonate natiirall.y would be calculated 
to sodium and all the sulphate, as well as chloride, also, calcuhitcd 
to sodium. Where, however, the sum of the bases is greater than 
the sum of the carbonate and the sulphate radicals, t\<'o possible 
conditions or combinations exist. Where magnesium chloride is 
present in the water, the .sum of th(‘ acids calculated to the soda 
radical should be greater* than the total miiu'ral residue. Partially 
decomposed magnesium chloride is midicateij in this way, also the 
fact that magnesium chloride has a lowe/ molecular weight than 
sodium chloride, which condition would be •hidicafed in such a com- 
parison. When this cai'c exists, the sulphate is first calculated to cal- 
cium, the remaining calcium to carbonate, the remaining carbonate 
to magnesium, the remaining magnesium to chloride, the remaining 
chloride to sodium. Where the total mineral residue is greater than 
the sum of the acids and whete nilratfes arc present, we then have 
nitrate of lime, which is assumed the commoner form thap nitrate of 
magnesium, and the calculations ai»e as follows: All the sulphate is 
calculated to lime, all the magnesium to 'carbonate, the remaining 
carbonate to lime, the remaining lime to nitrate, the remaining 
nitratS to sodium, and all the chlorides to sodium. In acid waters 
naturally the lime and magnesia, as well as the iron and aluminum, 
are calculated to the acid present in the greatest excess. These 
methods of calculation will give certain materials frequently found ip 
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scale formation and materials frequently siii)posed to cause certain 
characteristic troubles in either steam or domestic usase. It is possible 
in a purely qualitative way to judge or interpret the water on thfl 
basis of the lime and magnesium salts, for incrustation, and of the 
alkali salts for mother trouldes in boiler practice, also from the stand- 
jioint of irrigation, the various forms of the alkali salts as black and 
white alkali without the necessity to use the formulas already con- 
sidercd.i 

1 This chaiiter was contributed by D. K. Fnaich, Director of tlu' Labora- 
tory, Dearborn CheniKial Co., Cdiicago, 111, 
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GAS ANALYSIS 
SAMPLING 

The process ^ consists in the insertion of a suitai^le tube into the 
flue or duct, and the withdrawal of the gas sought, by some sort of 
pump. 

Tubes. — Tlie tube employed varies wntli tlie nature of the gas 
and its temperature. Ordinarily, a combustion tube a meter long of 
16-17 mm. outside diameter, which has been drawm down to 7 mm. 
at one end, to facilitate the attachment of* rubber tubing, is used. 
These soften at about 50(1° C. For higher temperatures, we have a 
choice of ipiartz, porcelain tubes of about tlie same dimensions, or 
water-cooled metal tubes. Uncooled metal tubes cannot^ bo employed 
above 250° without danger of reduction of the oxides of tlie metals 


A 


13G. Gas Sampling Tube. 

composing the tube, by, the carbonic oxide contained in the gaoes.® 
If porcelain tubes be used, they s(f)uld be glazed within and with- 
out, to provenb the transfusion through them of the lighter gases like 
methane and hydrogen : they, as well as glass tubes, 'should be 
warmed before insertion into a hot flue. * The construction of the 
water-cooled tubes wifi be evident from Fig. 136. 

For cooling the gas, the tube should not be inserted to its full 
length. Rolls of wire gauze can be inserted near the cool, drawn- 
out end of the tube; these will serve for tho removal of soot and 
dust. The removal of dust may* be further effected by 'the use of 
plugs of asbestos or glass wool. • 

The place from wliich the gas is collected should be so chosen as 
to give a representative sample, and all openings, except those in- 

1 also Bureau of Mines Bulletin,* No. 97, “ Sampling and Analyzing Flue 
Gases." 

^ Fischer, "Terhnologie der Brennstoffe,” 18S0, p. 221, cites an instance 
in which ( 'G 2 was changed from 1.5 in the mixture, to 26% by the passage through 
an iron tube heated to dull redness. , • « _ 
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tended for the inlet of air, stopped up. In a circular duct or chim- 
ney the average velocity of the gases is usually at a point oiK'.-thini 
the distance from the wall to the center. In case of a boiler, the 
setting should ’be carefully inspected, all cracks filled with mortar, 
and the clean-dut doors made tight. The fact that bricks them- 
selves are porous must not be lost sight of, and new settings should 
be sized and given a coat of whitewash.* If possible, the tube should 
be inserted below the damper to avoid leakage from that source. 
A second hole should be made for the introduction of an oil tube for 
the thermometer. The joints around thovse tubes should be made 
tight with mortar, jilasl-er of Paris, or in 


the case of a temporary connection, putty 
or wet cotton waste, (-arc should be 
taken not to insert thef tube so close to 
the source of heat as to withdraw th(f 
gases in a dissociated or partially decom- 
posed condition. For sam})ling gases from 
dilTerent zone^ of a blast furnace, ivater- 
cooled tu))es are made which can be scrcAved 
together to produce the desired length. 

Containers for Samples. — These arc 
of glass, preferably of the shape shown 
in Fig, 137. Being pear shaped, tlie vessel 
is completely emptied, leaving no liquid 
to exercise a .solvent action on the gas. 
The tubing shown in the figure is of 
lead, whichj^can bo safely used for chim- 
ney gases after it becomes attacked by 
them. Its obvious advantage is found in 
thcrfact that it bends rather than breaks. 
Glass bottles — parts of the aspii^tor just 
de.scribed -may be used; the rubber con- 
nection sRould be thick, •carefully wired 
on and provided with sci^w pincli-cocks. 
The long tube should carry a short 
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l)iccc of rubber tubing within the bottle reaching to its side; by 
tipping it the water can be more completely run out through this 
tube. The use of m«tal containers ii^ general is not recommended, 
as tho.se oT zinc or galvanized iron are attacked by carbon dioxide; 
where the gtiscs do not act upon the metals they may of course be 
advantageously emjiloyed.. To ensure tightness, the rubber stoppers 
used should be held in by screws which fit into a brass plate on top 
of the stopper and into wire looj:>s about tlie neck of the bottle. 
This compre.sses the stopper about the tubes and into tin? bottle 
neck, making a thoroughly tight joint. Or the brass plate may be 
replaced by a piece of sole leather and wire passed over this* after 
^manner of wiring down the bottles containing carbonated waters. 
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The use of rubber bags is not to be recommended, as they aV>- 
s^jrb certain gases and are oxidized by otliers: the most satisfactory 
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Couitcey of U. S. Ozoiip Co., Scotthdale, Pii. 


containers are glass tubes provided with drawn-out ends which can 
be sealed in the lamp flai^ie. • 

In coniicctiiig up the sampling tnfto, container and pump, the use 
of rubber tubing is to be avoided as much a^ possible for the reason 
just given. • 
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MEASUREMENT OF GAS IN LARGE QUANTITIES. 
METERS 


Several types •'jf iiistruiiieiits are available for this ])urp()se. 


The wet natter 1 
Thf'- dry meter j 
The Pitot tube 
The orihee meter 
T he aiie nannel er 


Measure total gas passed — not for aeid gases. 

( All these measure 
‘ veloeity simply. 


The wet meter rojis/sfs of n cylinduen! ilruw divided into four 
spiral compart ineids, su^])eiided in a hath of water, surrounded f)y a 
light casing: tJu* pressufc of the gas causes tJie drum to rotate, 
emptying a druwfiil of gas into the casing and pipes. Jt must bo set 
level, the water level carefully 
adjusU'd to the mark on the 
glass gauge, wTih its toj> open, 
as w(‘ll as the inlet and ouflet 
pipos of the met(jr. 'J'he higher 
the water lev(*l tlu? faster tlie 
meter. The dry meter consists of 
a pair of metal bellows, with sides 
of h'ather soaked in oil, on either 
side of a diapliragm, and con- 
nected with slide valees so that 
a bellowsful qj’ gas is alt.eriiately 
enijitied into the upper part of 
the meter and jiiping. Tlie vibra- 
tions •)! the bellows produced by 
the gas pressun' are transmitted tto clockwork and indexes. It is 
to be noted that the indexTs apparently read one-teutli# of the actual 
\olunie passed: the index must make a conqilete circuit to register 
the amount stamiied on the dial. A small index and dial are usually 
present for testing the meter, and a tolerance of 2[f' is allowed by 
law. This testing is done by meter-provers, carefully calibrated 
gas holders kept at constant temperature and the rate determined 
at different speeds. TIm^ meter-provers iire, in their turn, calibrated 
by a cubic foot, standanlized at the 4hireau of Standards. It should 
be noted tliatf all this calibration is corrected, not to standard con- 
ditions (0° (k and 71)0 mm*), but to the cubic foot as fixed by law 
— gas saturated with moist un* at 00° P. and 30 inches. 

The Pitot Tube. — Fig. 13S. This consists of two glass tubes 7), 
of about inch interiial diameter, inserted in the gas stream: one 
is bent at right angles and is sot so that it receives the impact of 
the gas movement; the other merely registers the pressure of •the 
the pipe. The point of insertion of these tubes in the chim- 



Fia. 138. T!ic Pitot Tube. 
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ney or duct should be in a long straight run of pipe, so as to be as 
r free from eddies as possible. Davis ' says that authorities differ as 
to whether the tubes should be a third or one-sixth of the diameter 
from the circumference to show the mean siKied: hte states further 
that each flue or chimney is a separate problem arid as a result of 
hundreds of measurements there seems to be “no settled propor- 
tionate distance corresponding to the mean velocity.'^ 

The glass tubes are connected by rubber tubing, C, through a re- 
verser, ii, with a U-tube A, which is either set vertically, inclined 30®^ 
or one in ten — this carries a vernier reading to hundredths of an 
inch so that readings to thousandths arc feasible. The U-tube is\ 
filled with solutions of different specific gravity, although ether of \ 
0.74 sp.gr. is the one commonly employed. The difference between 
the arms of the U-tube represents the diffefence between the kinetic 
and static pressures of the 'gas in the flue or chimney. 

The formula for calculating the velocity recommended by W, W. 


Scott is 


V = 1290 




P(1 -h .0021760 

BM 


where h - vertical differential of gauge reading in terms of inches of 
water. Half the reading is taken, as the actual reading is double that 
due to flow nressure alone. B = barometric i)ressure of the gas in 
• inches of mercury (29.92")* M = specific 

S* S" gravity compared with // = 1. Air = 14.39. 

o b t = temperature of the gas. V = velocity in 

feet per second. The formula V = 42\/^ 
gives fairly accurate results. * 

The Orifice Meter. — In this the same 
SasFlow principle is used as in measuring water, 
meter , determining the diminution in pressure 
as registe/;ld on delicate gauges before and 
f% c after the gas has passed through a standard 

orifice. It is largely used for measuring 
natural gas. 

The Anemometer is used ordinarily for 
measuring currents of air leaving or enter- 
Mj^ ing a room, analogous to its employment in 

metaorology. . 

Fig. 139. Gas Flow Meter. The ' Gas Flow Meter. — Tlvis consists 


of a tube a, into which capillaries h of differ- 
ent sizes can be inserted by a rubber stopper (one at a time). On 
either side of the capillary is a T, the stems of which are joined 
together, making a U gauge c. This, when filled with water, shows the 
difference in pressure of the gas before and .after passing through 
the capillaries. The apparatus is calibrated by a wet or dry meter. 
It has a capacity of from 0.5 to 500 liters per hour. See Fig. ^9. 

* “ Handbook of Chemical ^EngineeVing," 1, 197, also for the tables for its u^i 
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Gas Burettes for Measuring Small Quantities of Gas 


Here may be mentioned the Ilempel gas burette, made for ac- 
curate work with a compensation tube; the bulbed Orsat or Bunte 
burette; the separatory funnel and graduate. 

The Hempel Gas Burette, Eig. 140, consists of a 100 cc. burette 
graduated in fifths of a cubic centimeter, provided with a short 
capillary at the top and closed with a rubber con- 
nector and pinchcock and a wider tube at the /«=\ 

bottom, over which the rubber tube is \J 0 

drawn, which connects it with the leveling tube 
of similar size and length to the burette. It is 


manipulated by filling the leveling tube completely 
with water, opening the Vi^chcock on the top of 
the burkte and filling it with water. The gas 
to be analyzed is sucked in and measured as with 


the Orsat appi^atus. 

Orsat apparatus. See next page. 

Separatory Funnel and Graduate. From th§ 
water wliich has flowed out, the quantity of gas 
can be determined. 


ANALYSIS OF GASEOUS MIXTURES 

The analysis of a gaseous mixture is effected 
by absorbing the various constituents and observ- 
ing the dimiifution in -volume: in case the gas be 
unabsorbable, as for example methane (CH4), it is 
burned and the carbon dioxide and water determined, 
(a) Analyns of mixtures for carbon dioxide, oxygen 
and carbon monoxide (e:g.,^ chimney gases, producer 
and blast fvsrnace gas) can be done with any of the 
apparatus to be described.* The Orsat or Elliott 



are the forms usually employed. • 

(6) Analysis of mixtures as in (a) and also con- 
taining combustible gases as hydrogen and methane, 
e.g., illuminating gas, requires an additional com- 
bustion pipatte or absorption apparatus.* 

The OrsaJ Apparatus. Description. — - The ap- 
paratus, Fig. 141, is enclosed in & case to permit 
of transportation from placfi to place; furthermore, ^^0 Elliott 
the measuring-tube is jacketed with water to prevent Apparatus, 
changes of temperature affecting the gas-volume. 

The apparatus consists essentially of the leveling-bottle B, the burette A, 
the pipettes D, E, F, and the connecting tube. Pipette D is filed 
m|^ potassium (or sodium) hydrosdde solution (see Reagents) so that 
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when it is drawn up into the front arm about half an inch in depth is 
left in the rear arm. Pipettes E and F are similarly filled with potas- 
sium (or sodium) pyrogallate and cuprous chloride solutions respec- 
tively. These reagents require to be protected from the oxygen of 
the air by collapsible rubber bags. As the oxygeji in the air over 
the reagent is absorbed, a diminution in pressure takes place render- 



Fig. 141. Orsat Gas Apparatus. 

ing it difficult to bring the reagent to the point on ^he stem: the 
obvious remedy is to remove the bag temporarily and adjust the 
reagent. When the apparatus is first set up, one or two blank analyses 
should be made, to saturate the water and reagents with the gases. 
Fof example the potassium hydroxide absorbs carbon dioxide, it 
also absorbs about 3 cc. of oxygen, 2 cc. of carbon monoxide and 1.5 
cc. rof nitrogen, by virtue of the 100 cc. of water which it contains. 
A change of temperature of 1° ,makes a change of 0.36% o-^ the 
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volume of the gas: a change of pressure of 1 mm. produces 0.13% 
change in the volume. 

Manipulation. — The reagents in the pipettes should be adjusted ’ 
in the capillary i^ubes to a point on the stem about midway between 
the top of the pipette and the rubber connector. This is effected by 
opening wide the pinch cock upon the connector, the bottle being on 
the table, and very gradually lowering tjie bottle until the reagent 
is brought to the point above indicated. Six inches of the tubing 
used correspond to but 0.1 cc., so that an error of half an inch in 
adjustment of the reagent Ls without influence upon the accuracy of 
the result. The reagents having been thus adjusted, the burette 
and connecting tube are completely filled with w^ater by opening a and 
raising the leveling-bottle. The apparatus is now ready to receive 
a sample of gas (or air for practice). In case a flue-gas is to be 
analyzed. a is opened to allow flow into A., B is lowered and about 
102 cc. of the gas drawn in; or a may be connected with a T-joint 
in the gas-stream; the burette after filling is allowed to drain one 
minute by thc’^ sand-glass, a pinchcock is damped on the rubber 
tube, and the bottle B is raised to the top of the apparatus. By 
gradually opening the pinchcock on th6 rubber tubing (not shown) 
the water is allow'cd to run into the burette until the lower meniscus 
stands upon the 100 or 0 mark (according to the graduation of the 
apparatus) . The gas taken is thus coinj)ressed into the *pace occu- 
pied by 100 cc., and by opening a the excess escapes. Open pinch- 
cock and bring the level of Ike water in the bottle to the mrne level as the 
water in the burette and take the reading, which should be 100 cc. 
Special attention is called to this method of reading: if the bottle 
be raised, the** gas is compressed; if low^ered, it is expanded. 

Determination of Carbon Dioxide. — The gas to ])e analyzed is 
invariably passed first into pipette D, containing iiotassium hy- 
droxide for the absorption of carbon dioxide, by opening d and rais- 
ing B. The gas displaces the reageiit in the front part of the pipette, 
laying bare .the tubes contained in it, which being covered with the 
reagent iircsent a large absorptive surface to the gas; the reagent 
moves into the rear arm of the pipette, displai;ing the air over it 
into the flexible rubber bag wliich prevents its diffusion into the air. 
The gas is forced in and out of the pipette by raising and lowering 

the reagent finally brought approximately to its initial point on 
the stem of, the pipette, the burette aHowed to drain one minute, 
and the reading taken. The difference between this and the initial 
reading represents the cubic centimeters of carbon dioxide present 
in the gas. To be certain that all the carbon dioxide is removed, the 
gas should be passed a second time into D and the reading taken as 
before; these readings should agree •within 0.1%. • 

Determination of Oxygen. — The residue from the absorption of 
carbon dioxide is passed into the second pipette, containing* an 
all^ne solution of potassium pyrogallate, until no further absorp- 
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tion will take place. The difference between the reading obtained 
and that after the absorption of carbon dioxide, represents the number 
of cubic centimeters of oxygen present. Many prefer the use of stick 
phosphorus ^ for absorption of oxygen. The pipette E would re- 
quire an opening at the bottom for charging with the sticks (not 
shown). A glass stopper closes this opening when the pipette is 
charged and the pipette is filled with water. 

Determination of Carbon Monoxide. — The residue from the a|)- 
sorption of oxygen is passed into the third pipette, F, containing 
cuprous chloride, until no further absorption takes place; that is, m 
this case until readings agreeing exactly (not merely to 0.1) are oli 
tained. The difference between the reading thus obtained and thai 
after the absorption of oxygen, represents the number of cubic centi- 
meters of carbonic oxide present. « 

Determination of Hydrocarbons. — The residue left after all ab- 
sorptions hav^e been made may consist, in addition to nitrogen, the 
principal constituent, of hydrocarbons and hydrogen. 

Accuracy. — The apparatus gives results a(*(‘uratc to 0.2 of 1%, 
hence figures obtained by division to 0.0 1 should not be reported. 

Time Requireef. — About twenty minutes are required for an 
analysis; two may be made in twenty-^i^T minutes, using two sets 
of apparatus. 

Notes. — The method of adjusting the reagents is the only one 
which has been found satisfactory: if the bottle be placed at a lower 
level and an attempt made to shut the pinchcock upon the con- 
nector at the proper time, it will almost invariably result in failure. 

The process of obtaining 100 cc. of gas is exactly analogous to 
filling a measure heaping full of grain and striking off the excess 
with a straightedge; it saves arithmetical work, as cubic centimeters 
read off represent per cent directly. 

It often happens when d is ope^pd, a being closed, that the reagent 
D drops due §ot to a leak, as is usually s^ipposed, but to the weight 
of the column of the reagent expanding the gas. 

The object of the rubber bags is to Prevent the access of air to 
the reagents, those ih E and F absorbing oxygen with great avidity, 
and hence if freely exposed to the air would soon become useless. 

Carbon dioxide is always the first gas to be removed from a 
gaseous mixture. In the case of air the percentage is so small, 0.08 
to 0.1, as scarcely to be seen with this apparatus. It is important to 
use the reagents in the order given; if by mistake the -gas be passed 
into the second pipette, it will absorb ngt only oxygen, for which it 
is intended, but also carbon dioxide; similarly if the gas be passed 
into the third- pipette, tt will absorb not only carbonic oxide, but 
also' oxygen as well. 

% Sticks about 5~6 inches long (the length of the pipette bulb) and 
approximately 3/16 to 1/4 inch in diameter. 
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• In case any potassium hydroxide or pyrogiillate be sucked over 
into the tube and the burette A, the analysis is not spoiled, but may 
be proceeded with by connecting with water at a, opening this cock, 
and allowing the water to wash the tubes out thoroughly. The ad- 
dition of a little *hydrochloric acid to the water in the bottle B will 
neutralize the hy’droxide or pyrogallate, and the washing may be 
postponed until convenient. 

After each analysis the number of cubifc centimeters of oxygen and 
carbonic oxide should be set down upon the ground-glass slip pro- 
vided for the purpose. By adding these numbers and subtracting 
their sum from the absorption capacity of each reagent, the condi- 
tion of the apparatus is known at any time, and the reagent can 
be renewed in season to jirevent incoiTcct analyses. 
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CHIMNEY AND FLUE GASES 

Here the object is to keep the carbonic acid (COj) as high as 
possible, and to avoid the formation of carbon monoxide: in large 
plants every additional per cent of carbonic acid means the saving 
of tons of coal. Savings of 20 to by the use of gas analysis 

alone, have frequently come to the writer’s notice. A satisfactory 
procedure is to post in the fire-roorn the percentage of carbonic acid 
obtained by each stoker, and stimulate a rivalry among the men —A 
a bonus in the pay envelope is also effective. The determinations to\ 
be made are: ' 

Analysis of Chimney Gases. — Determination of carbon dioxide, 
oxygen, carbon monoxide, nitrogen, and in some cases hydrocarbons. 
For this purpose the Orsat apparatus is widely employed: the hydro- 
carbons may be determined by the Hempel apparatus. 

Usually a few determinations of carbonic acid will suffice, but 
for regular work the installation of some form of registering carbonic 
acid indicator should be installed. 

Carbonic Acid Indicatora, — These usually depend upon the 
principle of collecting 100 cc. of the gas, causing it to pass through a 
suitable absorber and collecting the residue in a boll which floats to 
a greater or less height according to the residual volume. The fluc- 
tuations ot this bell are recorded after the usual manner of self- 
registering barometers or th(‘rmometers : the usual time for this 
analysis and record is five minutes. 

The Determination of Temperature. — This is done by inserting 
a thermometer, mounted in a metal tube, on the chimney side of the 
gas sampling tube. These resemble those used for determining steam 
temperatures or for ‘Tunning” A^arnish. It should register to 300° 
and, under certain circumstances, one showing 550° may be desirable. 
A chemical thermometer with Iob^j stem may also be employed; it 
should never be inserted naked into the flue — as a sudden hot 
blast may break it — but always in a tube of cotton-seed oil or 
sea sand. These thermometers should be tested for accuracy by 
comparison with a ''standard, in a carefully stirred oil bath. The 
standard should be kept exclusively for the purpose and be allowed 
to stay in the bath until cool. Hudden cooling of a thermometer 
changes the zero point. 

Electric pyrometers are also of course available for these measure- 
ments. An error of five degrees (5°) in the reading of the ther- 
mometer affects the final result by about 20 calorics. 

In case none of these appliances be at hand, the maximum tem- 
perature can be determined by utilizing the melting-points of cer- 
tain pure salts or metals; as tin 232°, bismuth 270°, cadmium 302°, 
lead 327°, zinc 419°, cadmium chloride 541°, antimony 630°, etc. 
These can be suspended in the chimney in small covered cast-iron boxes. 
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Composition of the Coal. — This is dctennined by tho usual 
methods of organic combustion and is retjuired only for very ac- 
curate work. 

Calculation : 

a. Heat p'assing up chimney; 
h. Pounds of air per pound of coal. 

(a) Heat Passing up Chimney. — Th(3 accurate calculation re- 
solves itself into finding what volume of gas of the composition de- 
termined by analysis would be produced by a kilo of the coal used, 
and whose analysis is known. The temperature of the escaping 
chimney gases being also known, and their specific heat, the quantity 
of heat they carry off can be calculated: this divided by the calo- 
rific power of the coal gives the per cent of heat lost in the chimney 
gases. 

The formula of Shields. 


Per cent heat lof^ = 


Per cent carbon in co al 
Ilciating value of (joal 


X 


200 + p(T cent Of);; 


PcrcontC() 2 -f p(T cent CO 


X rise in temperature in °C. X 0.2864, 


gives results usually 0.5% low, as no cognizance has been taken of 
the water vapor. ^ 

Another formula in which only the carbon dioxide and its tem- 
perature enters was proposed by Runte and gives close results. 

For every per cent of carbonic acid present 43.43 calories per 
cubic meter of flue gases have been developed = W\ C = specific 
heat of the flue gases pcT cubic meter; then W/C represents the 
initial temperature (which is never attained) the ratio of which to 
the actual exit temperature of the flue gases shows the heat lost. 
If T = this initial temperature an«^ t the rise of temperature of the 
flue gase^i, then i/T represents the heat lost in the chimney gases. 

The following table gives? the data for the calculation for both 
pure carbon and coal of average value: 
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per Cent of CO 2 in 
Chimney (law 

Specific Heat of 
Chimney (las 

1 Initial Temperature, fV/C. 

Degrees C. 

For Carbon T 

For Ckial * T 

Diff for0.1%CO» 

1 

0.308 

141 

167 ' 

16 

2 

0.310 

280 

331 

16 

3 

0.311 

419 

493 

16 

4 

0.312 

557 

652 

15 

5 

0.313 

694 

808 

15 

6 

0.314 

830 

961 

15 

7 

0.315 

962 

1112 

15 

S 

0.316 

1096 

1261 

15 

9 

0.318 

1229 

1407 

14 

10 

0.319 

1360 

1550 

14 

11 

0.320 

1490 

1692 

14 

12 

0.322 

1620 

1830 

14 

13 



, 1968 

13 

14 

0.324 . 

1880 

2102 

13 

15 

0.324 

2005 1 

2237 

13 

16 

0.325 

2130 

23t)(> 

HUHHi 


If there were 11.5% carbonic acid, the initial temperature T 
would be 1762°; the rise of temperature in the chimney gases is 
250°, the loss is 14.2%. The accurate calculation gives 14.1. 

The following table shows roughly the excess of air, and per cent of 
heat lost in the chimney gases, their temperature being 518° F. 


Per cent CO 2 , 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Vol. air more 
than theory 
-1.0 

9.5 

6.3 

4.7 

3.8 

3.2 

2.7 

2.4 

2.1 

1.9 

1.7 

1.6 

1.5 

1.4 

1.3 

Per cent loss 
of heat 

90 

60 

45 

36 

30 

26 

23 

20 

18 

16 

15' 

14 

13 

12 


If the oxygen bo from 1.5% to 2% with the temperature of es- 
caping gases at 400-500° F., the fires are too thick; if it be 'more 
than 8% they are too thin. * 

(b) Poundc of Air per Pound of Coal. — This can be determined 
by calculating the ratio of carbon to oxygen in the carbon mon- 
oxide and oxygen of the chimney gases, or by the formula of Shields. 


„ , - . 1 f 1 o Fer cent of carbon in coal 

Pounds of air per pound of coal = 2.31 • 

^ ^ Per cent CO 2 + per cent CO. 

Loss Due to Carbonic Oxide. — For every gram of carbon burped 
to carbonic oxide there is a loss of 5.66 calories. 

Smoke. — For the determination of the amount of smoke in the 
chimney gases, use may be made of the Ringelmann smoke scale. 
This consists of a series of rectangles J in. X J in. filled with cross- 
hatching lines a greater qr less distance apart, with which the density 
of the smoke can be compared. Or the Eddy smoke recorder may 
be employed ; this consists of a tube of standard length through 
whi^i the smoke gases are drawn. A standard electric light is fixed 
at one end of the tube and viewed through the smoke; its density 
is measured by the extent to which the light is obscured. 
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PRODUCER AND FUEL GASES. BLAST-FURNACE GAS. 

Here the object is the reverse of that in the chimney gases, to 
keep the percentage of carbon monoxide as high as possible and, for 
gas-engine purposes, the per cent of hydrogen constant. 

The determinations made are the same als in cliiinucy gas — CO 2 , 0, 
CO, N, and oftentimes hydrogen and hydrocarbons; the quantity of 
dust is sometimes important. The heating value is determined by 
the Junkers calorimeter, although other types of (ialorimetcrs may be used 
such as the Sargent, Doherty, Boys and Simmance-Abady. Details of the 
manipulation of the Junkers apparatus may be found in the author’s work, 
Vol. 2 of Standard Methods of Chemical Anatysis. An approximate value 
may be obtained from the analysis of the gas, by multiy)lying the percentages 
of constithents by their calorific power in B.t.u. per (;ubic foot and dividing 
the sum of these values by 100. The following values may be taken: 
hydrogen = 345, carbon monoxide = 341, methane = 1065, illuminants = 
2000. The efficiency of conversion would be found by measuring the 
number of cubic feet of gas made per ton of ^oal gasified; the 
calorific power of each (gas and coal) being known, their quotient 
represents the efficiency. The heat contaijied in the gas due to its 
sensible heat, found after the manner of calculating |he loss in 
chimney gases (i.e,, volume gas X weight X rise of temperature X 
specific heat) is to be added to this for accurate work. 


. ELECTROLYTIC GASES 

Gases from electrolytic chlorine, hydrogen and oxygen generators, 
The fffilowing are to be sought for: 

(a) Qhlorine, (b) oxygen, (c) ?arbon dioxide, (d) carbon mon- 
oxide, (c) h^^drogon. 

(a) Chlonne. — Hcmpel Recommends measuring the gas quickly 
in his burette over water and then sucking in 5 cc. of 50% potas- 
sium iodide solution through the capillary and shaking; the diminu- 
tion in volume gives the chlorine. 

The other gases are determined in the usual way. As phosphorus 
cannot be used for pure •oxygen, a specially prepared potassium pyro- 
gallate is employed; cuprous chloride or ammoniacal cuprous car- 
bonate in the*absence of carbon mcj^ioxide is very satisfacjtory. See 
Reagents. • 
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MINE GASES 

The gases sought are those found in illuminating gas. For small 
quantities of methane the apparatus of Haldane,' modified and de- 
scribed by Burrell and Seibert^ should bo used. This is practically an 
Orsat, using mercury as l^lie confining liquid and with a compensat- 
ing tube and grisoumeter for burning the methane. ^ 

For determination of methane alone, the apparatus of Shaw^ 
may be recommended. This determines first the per cent of illumin-l 
ating gas necessary to make an explosion of definite strength with\ 
ordinary air; when this has been done, mine air is used in place of \ 
the ordinary air and a smaller percentage of illuminating is required ' 
— smaller by the amount of combustible gas in the mine air. The 
strength of the explosion is measured by noting by tlie ear the force 
with which the plunger is driven out from the explosion cylinder 
against a bell. 

In case this apparatus be not at hand, Brunck’r, method can be 
employed. This consists in burning tlje methane in a 2 liter Erlen- 
meyer flask by nwans of an ‘ electrically heated platinum spiral. The 
flask carrying the sjnral in the stopper is sunk invertcMl in a vessel 
of water and the current allowed to pass for half an hour, which is 
sufficient tr burn the methane. It is then cooled and 25 cc. of BaOjiHa 
(1 cc. = 1 cc. of C() 2 ) added, time allowed for absorption of the carbon 
dioxide and the excess of Ba 02 H 2 determined, and the quantity of 
methane calculated. 

Clowes and Redwood have worked out a method for the detec- 
tion of inflammable gas in air, employijig the “flame efaj).’’ When an 
inflammable atmosphere is brought in contact with a candle or 
better a hydrogen flame, the gas burns, forming a “cap,"’ like the 
colorless flame above Hhe blue cmie in a Bunsen burner : the length 
of the flame is a measure of the percen^ge of gas, and as little as 
0.1% is visible using the hydrogen flame. 

Carbon Monoxide. — Besides corabu^^tiblc gases or “fire damp,*' 
it is sometimes necessary to get an idea of the amount of carbon 
monoxide (“white damp”) in the mine air after an explosion or in 
the “after damp”; chemical methods being too slow, use is made of 
the behavior of birds and mice when exposed to such an atmosphere. 
To this end they are carried in cages by the" rescuing party and their 
behavior noticed. Canaries show distress in an atmosphere contain- 
ing 0.15% of CO in five to twelve minutes, or with 0.20% in half 
this time : Mice are less sensitive, and ifien may display distress when 
carbon monoxide is as •little as 0.1%, whereas animals may be un- 
affected. In case either is ovei^ome by the gas, resuscitation can be 
effected by bringing them out into the op6n air again. Repeated 
exgonsute of the gas would seem to be without influence. 

42, U. S. Bureau of Mines, 17, 42, 1913; also Technical Paper 39, 13. 

* Berichte, 692. 
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ATMOSPHERIC AIR 


(a) Moisture ;• (b) Carbon dioxide; (c) Ozone; (d) Carbon mon- 
oxide ; (e) Bacteria. 

(a) Moisture. — The amount of moisture can be determined by 
the sling psychro meter, or wet- and dry -bulb thermometer or by 



Fig. ]42. Sling Psychroirietor. 


the hair Iix’^roraeter. The sling psychrometer is the most rapid and 

acicw’ate — the wet- and dry-bulb thermometers are so arranged 

tha|* f ca% be rapidly 

whi I' fifteen or twenty 

seel vopped and quickly 

real /wet bulb first; this 

is i until closely agree- 

injf .Ulirigs are olitained. 

TlS I'midity is determined 

in® iisual manner from the 
irM illogical tables. . 

g I- amount of moisture in | 
tl® is priTliably indirectly | 
rffl ^^siblefor our sensations of • 
or discomfort, rather | 
than the amount of car- | 
bon dioxide, as was forine/ly | 
thought. • .1 

This moisture controls the ^ 
heat loss from the body^, 
which loss must be normal — 
neither too high nor too low. 

The greater the humidity the 
less the evaporation, ’conse- 
quently the le,fs the cooling. 

For comfort, the higher the 
temperature the less should 
be the humidity; the follow- 
ing shows the relation between 
the two : * 

Temp., °F (it) 08 70 80 90 

Relative humidity, per cent 63 • 53 49 31 16 



5 » IS 20 a JO » 40 

’nmpftrofur* - C«ntrlgrad* 

Fig. 143. 
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(b) Carbon Dioxide. — One of the most satisfactory methods is 
that of Hesse. This consists in absorbing the carbon dioxide from a 
definite volume of air with standard barium hydroxide and deter- 
mining its loss of strength. 

The air is collected in heavy Erlenineyer flasiks of 100-500 or 
1000 cc. capacity, or clear glass bottles; these arc stoppered with 
doubly perforated rubber stoppers carrying glass plugs and the capa- 
city of the flask or bottle noted to the depth of the stopper. A 10 cc. 
pipette and a 15 cc. glass-stoppered burette graduated in cc./lO with 
an 8 cm. tip, complete the outfit; a solution of 1.7 grams of barium 
hydroxide and chloride (20: 1) in a liter of water, B, Fig. 144, and 

of oxalic acid 5.6325 grams per liter 
(1 cc. = 1 cc. of CO 2 ), with phenol- 
phthalein 1 :■ 250, are rcfiuired. 

The bottles are filled with steam 
by exposure for three minutes and the 
vasclined stoppers inserted, or they 
may be filled wdth disUlled water and 
opened in the place the air of which 
is to be examined. 

In all this work, it should be re- 
membered that the exhaled breath con- 
tains about 400 parts of carbon dioxide 
per 10,000, consequently care should 
be taken not to contaminate the sam- 
ples, nor should they be warmed with 
the hand. 

The 10 cc. pi})ettc is partly filled 
from the tube A, Fig. 144, by means 
of the rubber connector and sacking 
thcf^liquid into the pipette: it is rinsed, 
filled and inserted through one of the holes in the rubber stooper 
of the bottle, the other plug being momentarily opened. The 
plugs are replaced and the bottles allo^lvcd to rest on their sides, 
with occasional rolling, for twenty minutes. Not more than one- 
fifth of the solution should be used up by the carbon dioxide 
present. 

During this time, the barium hydroxide should be standardized; 
to this end a few drops of phenolphthalein and a quantity of the 
oxalic acid almost sufficient to neutralize the hydroxide should be 
run into a 100 cc. Erlenmeyer flask from the burette; this should 
be passed tbrough the doubly perforated stopper; 10 cc. of the 
barium hydroxide solutibn are run into the flask as above described, 
anH also the oxalic acid until a pink color appears. 

Phenolphthalein is added to the bottles containing the samples, 
th^pxalic acid burette inserted through the stopper and the excess of 
barpm hydroxide titrated. 



Fig. 144. 
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prevent needless vibration and wear of the bearings B and B', but 
when they drop the beam iS free to vibrate. As a protection against 
dust, moisture and air currents, the entire apparatus is enclosed in a 
glass case, one side of which consists of a movable slide of the same 
material. • 

NOTES ON CARE OF THE BALANCE 

§ 22. 1. The balance is the most important instrument used in 
Gravimetric work and upon its accuracy and sensitiveness correct 



Fig. 19. Analytical Balance* 

results depend. * It is important, therefore, to handle the balance with 
care, as its adjustments are fine and easily deranged. The agate knit^ 
edges should be protected, as far as pbfffeiblc, from jars or undue fric- 
tion. During the intervals when weights are being changed and when 
the balance is nof in use the beam arrest should be raised and the pan 
arrests sRould be in position, to teke off the load from the agate 
* By courtesy of the Mine and Smelter Supply Co, 
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knife edges. These agate bearings are vital to the delicacy of the 
balance. 

2. The center of gravity of the balance should be slightly below 
the point of suspension. If it is above the point the beam will be 
unstable. If it is too far below sthis point the balance will not be 
sensitive. Balances are usually equipped with an attachment for regu- 
lating the center of gravity; frequently by a weight, attached to the 
pointer, which may be raised or lowered at will. This adjustment 
should be made by the instructor. 

^ 3. When the balance is not in use the case slide door should be 

lowered to keep out the dust. 

SUMMARY OF RULES FOR WEIGHING 

§ 23. 1. Adjustment of Zero Point. — Dust off the pans with a 
small, camers-hair brush. See that the balance is level. Now carefully 
lower the beam- and pan-rests by means of the milled knob at the 
base of the balance case. Start the' beam to swing by gently fanning 
one of the pans. The pointer should swing back and forth across the 
graduated scale, at the base of the pillar support, 10-15 divisions. 
Make note of the points of extreme swings of the pointer, two swings 
in each direction should be sufficient. The pointer should swing the 
same number of divisions to the right as it does to the leVt of the 
center or 0 point of the scale. Should this mean of the average ex- 
treme swings be more than two divisions in error on the scale, it is 
advisable to adjust the balance.' As soon as the zero point has been 
, ascertained raise the beam support when the beam becomes horizontal 
or nearly so. Always observe this precaution in raising the support. 

2. When the balance is adjusted, the beam support being in 
position, place the object to be weighed at the center of the left pan. 

Glass or porcelain apparatus, or solid metallic substances, if cool, 
may be placed directly on the scale pan. All chemicals and. all pow- 
dered matter should be placed on watch glasses or containers to avoid 
comiing in direct contact with the pans as this may cause corrosion 
of the pans. Liquids, especially those which are hygroscopic or give 
off corrosive fumes, should be placed in stoppered r^eighing bottles 
and so weighed. The weight of the containers should be ascertained 
and this weight deducted from the total weight of the container and 
the product. 

3. Before beginning to weigh the object, raise the^ rider fyom the 
beam, if it is resting upon it. Select a weight ttiat you estimate 
^ould counterbalance the object and place it on the center of the 
right pan. Now lower the beam-rest and pan-rests and note the di- 
rection of the swing of the pointer. If it swings to the left the weight 
is too much, if to the right it is not sufficient. No'\V raise the beam 

> This should be 'done by one thoi;oughly familiar with the opelatiou and 
construction of balances. 
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support to steady the pans, (See Fig. 16), remove the weight if too 
much and replace with another of the next lower denomination, or 
add a weight as the case demands. Lower the beam support and pan 
arrests and again note the swing of the balance pointer. Repeat 
Ithe operation until the object is counterbalanced by weights or is 
within 10 milligrams of this point. The final adjustment is no.w 
made by means of the rider, the balance case door being closed to 
avoid disturbance of the beam by air currents. By means of the rider 
it is possible to weigh to jV ^ milligram, the total scale on the 
beam representing 10 milligrams and each division a tenth. The num-^ 
erals on the beam represent milligrams. 

4. Weights should be moved by means of forceps. They should 
not be handled by the fingers. 

5. The objects placed on the pan should be cool (room tempera- 
ture or nearly so). Hot objects should never be placed on balance 
pans. An accurate weight cannot be obtained of the material when 
it is hot. Always cool in a closed desiccator, to avoid any chances of 
the material picking up moisture from the air. 

6. Be careful not to spill substances on the pans or in the balance 
case. In case of accident, clean the balance before proceeding. Never 
leave a balance dirty. 

7. Checking the Weight. — Make note of the weights removed 
from the* weight box by ' 


recording these from the 
empty spaces in the 
box. Now replace the 
heights in the box starting 
with the largest weight 
on the pan and ending 
with the lightest. Does 
this tally with the first 
weight recorded? Record 
the* weight indicated by 
the rider. , 

8. Before leaving the 
balance a4tend» to the 

following — 

• 

(a) See that both the 
beam and the pan sup- 
'ports ailfe supporting the 
beam and pans. 



(6) Raise the rider , • Yiq. 19a. 


from the beam. 


(c) Brush ou4 the case if any njaterial has been spilled in this, 

(d) SJiut the door of the balance case. 

(e) Take care of the box of weights. 
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SOLUTION 

§ 24. Apparatus used for Decomposition of the Sample. 

1. Beaker. — This is the most commonly used vessel in which 
decompositions are made. Itois especially useful in laboratories 
^here a large number of determinations are made at one time. For 
general work the author prefers a beaker 
yClock6la$s of the deep Griffin form of about 250 cp. 

capacity. During the treatment the vesslel 
^•d/(755 is covered by a clock glass which extends 
Sides slightly beyond the edge of the beakei;. 
When evaporations are conducted the clock 
Beaker || raised on glass riders, V-shaped 

glass rods two inches in length, which rest on\ 
the rim of the vessel. This permits the 
escape of steam and lessens condensation. 
Fig. 20. 

2. Erlenmeyer Flask. — This vessel is 
Fig. 20 useful, in decompositions and is commonly 

employed where spattering is apt to occur. 
A funnel, whose stem has been cut off, prevents 
loss through the neck of the flask but permits the 
escape of steam. Fig. 21. 

In evaporations with either type of vessel it is 
advisable to conduct the last stage of evaporation 
at a comparatively low heat, on a steam bath, or 
by placing an asbestos mat between the vessel and 
the hot plate, otherwise spattering is apt to occur. 

The beaker is more easily washed out and any 
adhering material on the sides may be readily 
removed by a rubber- 
tipped glass rod “police- 
man” which should be 
used in “ copping out ” 
the vessel. Fig. 21 

3. Low’s Flask. — The 
“ copper flask ” type of flask is shown in Fig. 
22a. It has an advantage over 1;he Erlen- 
meyer flask as it may be held more easily and 
manipulated directly over a fyee flan\e. A. H. 
Low uses this form of decompositibn vessel 
almost entirely for general work with ores, 
Fig. 22 conducting bisulphate fusions in the 

flask. Where individual determinations are 
made the decomposition may be effected very rapidly and the excess 
of reagent expelled in three or four minutes, where with the beaker 
or Erlepmeyer half an hour woul3 be required. 
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The flask is held by tongs — Fig. 22b. Wood covers the portion 
held by the hand. During ^he treatment and the evaporations the 
flask is kept in constant motion. This prevents bumping and facilitates 
decomposition by keeping the material constantly agitated. In making 
fusions the flask is moved slowly ov«r the flame. When cooling the 
fusion a rotary motion is given the flask so as to spread the melt 
evenly over the wall. This prevents the vessel from breaking and at the 
same time makes a subsequent solution of the melt easily accom- 
plished. A flask of 300 cc. capacity is best for general work. 

4. Casserole. — The porcelain casserole with handle, Fig. 23, is 
useful in conducting evaporations on the steam bath or hot plate of 
large amounts of liquid. The 
casserole should be covered by 
a clock glass raised on riders, 
during evaporations. 

§26. 1. Fusions. — The in- 
soluble residue remaining from 
an acid treatment of a sub- 
stance may be brought into 
solution, generally, by fusion (-asserole 

with an appropriate flux. The 

fusions arc made in crucibles (20 cc. capacity) of silica, iron, nickel, 
silver, palau ” (gold-palladium 80 : 20) or platinum. Potassium bi- 
sulphate fusions may be made in silica or glass as well as in platinum ; 
sodium carbonate fusions may be made in iron, nickel, “ palau,'* and 
platinum; hydroxide or jicroxide fusions may be made in iron, nickel 
of silver crucibles; sodium carbonate potassium nitrate fusions may 
be made in platinum, but hydrochloric acid should not be used in dis- 
solving the fusion as the chlorine liberated will attack the platinum. 
See § 34, II on the care of platinum. 

2. In making fusions Jhe sample is well mixed with six to ten times 
its weight. of the fusion mixture and is placed over a thin layer of the 
Auxin the crucible and then covered by a lid of the same material as 
that of the crucible. Heat is applied cautiously until the mixture 
melts, the heat being raised during the action. When the melt has 
reached a q^iet iusion and the resulting molten mass has become clear 
and homogeneous, the action is complete. One of several methods is 
now employed to facilitate the subsequent solution of the material. 

(a) A stiff platinum rod is placed in the molten mass and held 
in place jantil thit^ has cooled sufficiently to solidify around the wire. 
By reheating thfe crucible the mass of fusion may be lifted out, cooled 
and together with the crucible placed in the beaker in which the sub^ 
sequent treatment is made. * 

(h) The molten mass may be poured into a crucible lid of suffi- 
cient capacity anS when cooled placfed in the beaker together with the 
crucible. * , 

(c) The molten mass is cooled by rotating the crucible in sucjti a way 
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that it solidifies in a layer on the sides of the crucible. The crucible 
is placed on its side in the beaker. 

3. If the melt is allowed to cool in a mass, its subsequent solution 
is difficult, requiring considerable time. 

4. Water is now added to the material and the mixture heated 
until the mass disintegrates. The beaker is covered by a clock glass 
and the additional solvent now added. This may be hydrochloric or 
sulphuric acids, ammonium carbonate or any other appropriate solvent. 
The liquid may be poured through the lip of the beaker without 
uncovering. This avoids loss due to effervescence. 

Details of the special procedures are given throughout the work. 

§ 26. Amount of Sample. — The quantity of the sample required 
depends largely upon the substance and the amount of constituent 
sought in the sample. In case of ores, where the principal constituent 
is desired, for example lead in galena, iron in magnetite, alumina in 
bauxite or sulphur in pyrite, a comparatively small sample is sufficient, 
namely 0.5 to 1 gram of the ore. On the other hand if the constituent 
sought is present in small percentage down to more traces, 5, 10 or 
as much as 100 grams of the sathple may be taken. Fortunately 
colorimetric processes enable us to determine many of the substances 
in extremely minute amounts so that one-gram samples are generally 
sufficient for most analyses. In the volumetric determination of con- 
stituents in steel, 1-5 grams arc generally taken. 0.5 to 1 gram of 
alloys is generally taken for their analysis. 

§ 27. Decomposition of the Material. — In the instructions for the 
solution of the material special procedures are often given owing to 
the predominance of some particular compound or compounds present. 
Directions are given for example for oxides, others for sulphides, and 
again others for silicates, etc. The chemist is frequently at loss to 
know what procedure to select as the mere inspection of the material 
frequently will furnish him no information ^as to its predominating 
trait. In the following paragraphs we will attempt to give a few 
examples of substances that are abundant in nature or that may be 
commonly received for analysis in a technical laboratory.* Commercial 
products such as inorganic synthetic compounds, acids, salts, bases, 
need not be considered here. 
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MINERALS AND ORES 
I. Carbonates 

• These occur very extensively in jiature. Carbonates treated with 
acids (such as HCl, H2SO4) effervesce and give off carbon dioxide, 
either in the cold or upon heating. See chapter on carbon. Carbon- 
ates give off carbon dioxide when highly heated and oxides of the 
elements are formed. 

Typical examples of carbonates. — (a) Calcite, CaCOs, is a color-,, 
less or white, frequently transparent (easily scratched with a knife) 
substance with vitreous lustre. White in powdered form. Readily 
decomposed by heating with hydrochloric acid. 

(h) Dolomite, CaCOa.MgCOa, has a vitreous or pearly lustre in 
lumps, seldom transparent, usually white, or yellowish in well devel- 
oped crystals. It is slightly harder than calcite. It is soluble in in- 
organic acids. 

(c) Magnesite, MgCOa, has a vitreous to dull lustre. The mineral 
is usually white. It dissolves in mineral acids. 

(d) Strontianite, SrCOa, has a vitreous lustre and is usually white 
or colorless, but sometimes it is green or yellow. Soluble in acids. 

(c) Wi^herite, BaCOa, has a vitreous lustre and is a white or gray- 
ish white mineral. Soluble in hydrochloric acid. Sulphuric acid would 
form the difficultly soluble BaS04, which would require fusion with 
sodium carbonate, if formed, in order to get it into solution. 

, Carbonates are treated by heating with hydrochloric acid until 
action ceases and theji by addition of nitric acid and fui’ther heating. 
Nitric acid is frequently omitted when its presence is objectionable or 
unnecessary. 


« II. Oxides 

These are conveniently classified as A, Oxides of silicon; B, Oxides 
of the Semi-Petals; C, Oxides of the Metals, 

Typical examples. 

A. Quahz. — This is a very common mineral in nature. It is 
an essential constituent of granites, sandstones, quartzites. The color 
is variable: white or colorless, violet, rose-red, brown or black. 
The lustre is vitreous. The crystals may be transparent, translucent or 
Opaque. •Silica, SiD2 is practically insoluble in mineral acids with the 
e3^e|)tion of hydrofluoric acid, which decomposes it with the forma- 
tion of the volatile (poisonous) silicon tetrafluoride, SiP^. In presenctf 
of water, which is invariably the case, fluosilicic acid, H2SiF« is formed. 

B, Oiddes of ^ the Semi-Metals., — Typical examples, (a) Araeno- 
lite, AsgOs, is a colorless or white, earthy compound. Soluble in 
alkalies. 
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(b) Senarmonite, Sb203, is a colorless gray mineral, oecui:ring with 
antimony ores. Soluble in alkalies, hydrochloric and sulphuric acids. 

(c) Bismite, Bi-iOa, is an earthy substance, straw yellow, or silvery 
white pearly scales. Soluble in hydrochloric and sulphuric acids. 

(d) Tellurite, TCO2, soluble in acids and in potassium hydroxide, 
The oxide is found in form of sfender, white to yellow crystals. 

■ (e) Molyhdite, M0O3,' straw yellow, tufted forms and earthy. 

Molybdic ochre is a hydrous ferric molybdate, Fe2O3.3MoO3.7H2O. 
Soluble in hydrochloric, sulphuric acids, and by alkali fusion. 

(/) Tungstite, WO3, yellow or yellowish green, earthy, pulverulent 
•mineral, is practically insoluble in acids, but soluble in alkalies. 

C. Oxides of the Metals. — In this class are (A ) Protoxides, R2O 
and RO; (B) Sesquioxides, R2O3; ((■) Intermediate oxides, R.R2O4; 
(D) Dioxides, RO2. 

Typical examples. 

A. (fl) Cuprite, CuoO, a mineral of various shades of red with ada- 
mantine or submetallic lustre. Soluble in acids. 

(6) Zincite, ZnO, deep red to orange-yellow, translucent to sub- 
translucent, with subadamantine lustre. Soluble in acids. 

B. (a) Corundum, AI2O3, a mineral occurring in limestone, dolomite, 
granite, gneiss, and other crystalline rocks. The precious stones, the 
red ruby, the blue sapphire, the yellow topaz, the green efnerald, the 
purple amethyst, are aluminum oxides; Corundum, varying from light 
blue, gray, brown to black; and Emery, tha impure oxide containing 
magnetite or hematite, are more common oxides. All of these arc 
practically insohible in acids, rc<iuiring fusion with sodium hydroxide 
or carbonate to effect solution, 

(b) Hematite, Fe203, red, is a mineral widely distributed in nature. 
Soluble in hydrochloric and sulphuric acids. 

(c) Ilemnite, Fe0.Ti02, resembles hematite, but has a nearly black 
streak; hematite gives a red streak. Difficultly soluble in acids. 

C. (a) Magnetite, Fe0.Fe203, is an iron-black mineral of metallic 

and splendent to sub-metallic and rather dull lustre. Soluble in sul- 
phuric acid. Addition of stannous chloride to hydrochloric acid assists 
its solution in this acid. ^ « 

(6) Chromite, Fe0.Cr203, a dark brown to iron-black mineral with 
metallic lustre, generally requires an alkali fusion to be decomposed. 

D. (a) Cassiterite, Sn02, white or colorless, but more often brown 
or black, red or yellow. Powdered, pale brown, iiistre adamantine'. 
Practically insoluble in acids. Requires fusion with sodium hydroxide 
^0 effect decomposition. RcjJuced to metallic tin by fusion with po- 
tassium cyanide, or sodium carbonate and charcoal. 

(6) Rutile, Ti02, yellow, red or black mineral w^h metallic lustre. 
Solution is effected by fusion with potassium bisulphate, fcjllowed by 
heating the fused mass with hydaochloric acid. 
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E. Bauxite, hydrated alumina, AI 2 O 8 . 3 H 2 O. This is a principal 
source of aluminum. The mineral is amorphous and earthy and fre- 
quently shows concretionary structure. Color variable, according to the 
^mount of iron present, gray, yellowish white to brownish red. Im- 
purities FeaOa, SiOa, TiOa, with varying amounts of water. Soluble in 
sulphuric acid, followed by fusion. 

F. Cinders. Oxides of iron, alumina, etc. Ignited oxides of iron 
and alumina arc very difficultly soluble in acids, frequently requiring 
fusion with an acid flux, such as potassium bisulphate, to effect decom- 
position. Oxides of iron are brought into solution by addition of# 
4-5 cc. stannous chloride 25% to 20-30 cc. of hydrochloric acid per 
gram of sample. 

G. Summary of oxides. It is evident that no set rule will apply 
to solution of oxides. It is advisable to start with hydrochloric acid 
and digest until the action ceases, then to add nitric acid and digest. 

If a residue remains, dilute with water and filter. Fuse the residue 
with potassium bisulphate. If the residue is due largely to silicates a 
sodium carbonate fusion should be made. This will also attack some 
of the difficultly soluble oxides such as tungsten, titanium, chromium. 

^ III. Silicates ^ 

L In the chapter on silica a list of silicates is given — those 
soluble in acids and those insoluble. If a silicate is treated with acid 
and evaporated to dryness, silica, SiOo is liberated, which is practically 
insoluble in acids, but dissolves in alkalies. Silicates may be decom- 
posed by fusion with alkalies, the sodium salts being soluble in water. * 
Addition of acid and evaporation to dryness will displace the silica 
from its combination with the alkali again liberating silica, SiOa. 

2. Silica assumes many forms, most of which are crystalline — 
rock crystal, quartz, santl grains, silts, chalcedony, opal, etc. Asbestos, 
beryl, clays, feldspars, garnet, kaolin, meerschaum, talc, are silicates. 
For those desiring further information on the subject of silicates 
reference is Aade to the standard works by Dana, Crook, Moses and 
Parsons, I^utler^^ 

IV. Sulphides 

1. Directions in procedures for decomposition of ores arc. fre- 
.quently given for treatment of sulphides, the treatment varying ac- 
cording*to the.*(^nstituent to be determined. Usually an oxidizing 
agent along with hydrochloric acid is called for. This is specially 
necessary if the determination of sulphur is to be made, otherwise 

1 N.B, '‘Economic Mineralogy,” by T. Crook, Longmans, Green and Co, 
“Elements of Mineralogy, Crystallography and Blowpipe Analysis,” by 
A. J. Mo|ps and C. 1 j. Parsons, D. Van Nostrand Co. “Dana’s Text Book of 
Mineralogy,” revised by W. E. Ford, J. Wiley and Sons. “A Pocket Handbook 
of Minerals,” by G. M. Butler, J. Wiley and Sons. « 
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sulphur is lost by volatilization or by tjjie formation of globules of 
free sulphur, which are practically inert to reagents commonly used. 
Oxidizing agents such as potassium chlorate, free bromine in conjunc- 
tion with nitric and hydrochloric acid are required. (See chaptei^ 
on sulphur.) ' On the other handf if sulphur is not desired it is occa- 
sionally advantageous to omit the oxidizing agent. For example, ii]l 
the determination of lead in galena, PbS, it is advisable to begin with 
hydrochloric acid alone and expel the sulphur as H 2 S, before adding 
nitric acid, otherwise the difficultly soluble lead sulphate would form. , 
f 2. Ores containing sulphides are frequently characterized by the 
glistening yellow particles of metallic lustre that can be seen. These 
sulphides being heavy may be concentrated by panning much as is 
gold. A sulphide ore warmed with hydrochloric or sidphuric acid 
(the test may be made conveniently in a test tube) will give off hydro- 
gen sulphide gas, which has a characteristic odor. The gas will 
turn moist lead acetate papcjr b^ack. Sufficient moisture is generally 
present in the gas so that dry test paper may be used. 

Dana ^ classifies Sulphides, Selenides, Tellurides, Arsenides and 
Antimonides into two subgroups according to the character of the 
positive element — seini-mctal or metal. 

3. Typical examples. Realgar^ AsS, aurora-red or orange-yellow 
mineral, transparent or translucent with resinous lustre. 

(а) Orpimentf AS 2 S 3 has a fine yellow color and pearly lustre. 

( б ) Stibnitej Sb 2 S 3 , a mineral with metallic lustre, lead gray to 
steel gray, sometimes iridescent or blackish, due to tarnish. 

(c) Bismuthinite, Bi^Sa, lead gray color, inclining to tin whit^, 
with yellowish or iridescent tarnish and a metallic lustre. 

(d) Molyhdenitey M 0 S 2 , lead gray color, opaque, metallic lustre. 

(e) Galena, PbS, one of the most widely distributed of the metallic 
sulphides. The mineral often contains the sulphides of silver, and 
occasionally that of antimony, bismuth, copper, cadmium, selenium, 
zinc. Sometimes native silver and gold. The mineral has a ‘pure-lead 
gray color with metallic lustre. 

(f) Argentite, AgSj a blackish lead-gray mineral with metallic 
lustre. 

(g) Chalcocite, CU 2 S, blackish lead-gray color, ofteJT tarifished blue 
or green, dull, opaque, metallic lustre. 

(h) Sphalerite (zinc blende), ZnS. Color commonly yellow, brown, 
black, also red, green to white, when pure nearly colorless. Trans- 
parent to translucent. Resinous to adamantine lustre. • 

if) Cinnabar, HgS, color cochineal red to brownish red to lead 
geay. Scarlet streak. Adamantine lustre inclining to metallic when 
dark colored. 

(j) Greenockile, CdS, a nearly transparent mineral ^with ad^antine 
lustre with citron or orange-yellow* color. 

I *‘A Text Book of Mineralogy,” by B. S. Dana. Revised by W. E. Ford, 
1922. John Wiley ^d Sons. 
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ik) Millerite, NiS, brass-yellow to bronze-yellow color, often with 
gray iridescent tarnish ; grdlenish black streak ; metallic lustre. 

( l ) Pyrrhotite, composition varying from FesvSe to FeieSn. Fre- 
quently contains nickel. The mineral has a metallic lustre. Color 
between bronze-yellow and copper-r^pd. Tarnishes easily. 

(m) Pyrite^ FeSa, lustre is metallic, splendent to glistening. Color 
a pale brass-yellow. Appearance of gold, hence its name, “ Fool’s gold.” 
The streak is greenish or brownish black. Opaque. 

(n) Arsenopyrite, FeS2.FeAs2, a mineral with metallic lustre, sil- 

ver-white, inclining to steel gray color, giving a dark grayish black 
streak. • 

4 . A large number of other minerals containing sulphur are com- 
monly found in nature. These are generally decomposed by acid 
treatment in presence of an oxidizing agent, nitric-hydrochloric acids, 
hydrochloric acid and bromine, hydrochloric acid and pw)tassium 
chlorate, etc. 

V. Sulphates 

The following are typical examples of the sulphates found in 
nature. Potafik alum occurs in kalinite, a colorless, transparent com- 
pound, generally colored by impurities. Water soluble. 

(а) Bfrite, BaS04, colorless or white, frequently yellow, brown, or 

red, and crystals sometimes blue. Vitreous or pearly lustre. Solution 
is effected by fusion with sodium carbonate, extraction of the sodium 
sulphate with water, and then solution of the barium carbonate 
residue w'ith hydrochloric acid. Barium chloride is now in solution 
’^ith the other soluble chlorides. ^ 

( б ) CeleMe, SrS04, is a colorless, white or sometimes pale blue 
mineral, with vitreous lustre. It is decomposed in the same manner 
as is barite. 

(c) Gypsum., CaSOi.^HaO, is a colorless or whitish mineral with 
vitreous Justre; it is found widely distributed in stratified rocks, in 
clays and in shales. The mineral may be decomposed by hydrochloric 
acid with addition of a little nitric acid, 

VI. Native Elements 

(а) Graphite, free carbon. Metallic lustre, black .shining flakes. 
Opaque. Insoluble in the common reagents. Burns to CO2 gas in 

. preseneg of ox3^en. It is best determined quantitatively by combus- 
tion. * • * 

( б ) Copper, Cu, the metal has a characteristic red color (copper- 
red) and a metallic lustre. The surface is frequently tarnished affd 
coated with malachite, CuC08.Cu(0H)2, green, and by other altera- 
tion products, "it decomposes readily in nitric acid. 

(c) Ghld, Au. The metal has its own characteristic yellow color 
with metallic lustre. The color is* paler when silver is present with 
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the gold, as is generally the case. When the amount of silver exceeds 
20 per cent the color is very pale, and thfe alloy is . called “ electrum." 
The element is insoluble in either hydrochloric or nitric acid, but 
dissolves in a mixture of the two “ aqua regia” (2 : 1). 

(d) Iron, Fe. Metallic iron cfccurs in meteors and in particles o^ 
large masses in basalt. The readiness with which the metal combines 
with acid radicals makes its occurrence in free state a rarity. The 
metal dissolves in mineral acids. 

(e) Mercury, Hg. The element is found occasionally in the free 
^state with its mineral cinnabar, HgS. It is the only element that is 

found free in a liquid state, “ quick silver.” It has a bright metallic 
silvery lustre. Easily recognized. It dissolves in nitric acid. 

(/) Platinum, Pt. Native i)latinum is found in rounded or irregular 
grains in placer deposits and alluvial material. It has a bright silvery 
metallic lustre. It resists the ordinary reagents of the laboratory, 
hydrochloric, nitric, suli)huric, and hydrofluoric acids, bicarbonate, 
carbonate, bisulx)hate fusions, but is attacked by aqua regia, nitrates 
with hydrochloric acid, sodium hydroxide, potassium hydroxide, and 
sodium peroxide fusions. (See Care of Platinum.) 

(< 7 ) Silver, Ag. The metal occurs native in veins traversing schist, 
gneiss, porphyry and other rocks. It occurs alloyed with gold, copper, 
lead, platinum. The metal is soluble in nitric acid. 

(h) Sulphur, S. Native sulphur occurs in large deposits commonly 
in volcanic districts. Immense deposits have been found in Louisiana 
and Texas, and in Sicily, Vanua Lava in New Hebrides.^ 

Sulphur is a yellow element with resinous lustre. Its crystals are 
transparent. Sulphur may be converted to sulphuric acid by stroiVg 
oxidizing agents, hydrochloric acid-nitric acid with bromine, or by 
fusion with sodium peroxide. 


VIL AUoys 

These are generally decomposed by treating with nitric acid. 
Alloys containing elements whose oxides are insoluble in acids are 
generally treated first with hydrochloric acid, followed by nitric 
acid. Methods for special treatment will be found ip the^text where 
the alloys are discussed. 

. VIIL Steel 

Steel is usually dissolved in nitric acid or a tfrrixture of nitric' 
hlMtOchloric, or nitric sulphuric acids. 

^ General Rules for Decomposition of Substances. 

In general ores should be finely ground. Apparatus for accom- 
plishing this is shown in pages 28 *to 31 inclusive. * 

‘ A mountain of sulphur 1,600 fee^high, 100 square miles. Liter&ry Digest, 
Feb. 4, 1922. 
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Owing to the variables in ores and alloys it is not possible to have 
any sot procedure applicable to all conditions. It is often necessary 
to combine two or more methods to effect solution of certain refractory 
yres. Acid extractions are frequently followed by fusion methods for 
the solution of the acid insoluble material, likewise fusions require 
subsequent water extraction followed by acids. The following general 
rules, however, will be of value. 

Reagent to Materials 

Effect Solution 

I. Water will dissolve the alkali salts, ammonium, lithium, potassium'^ 

and sodium acetates, bromides, chlorates, chlo- 
rides, iodides, nitrates, nitrites, sulphates. Also 
arsenates, arsenites, borates, carbonates, oxa- 
lates, phosphates, and tartrates. 

The halides of silver, mercury, and lead are 
insoluble in water. The arsenates, arsenites, 
borates, carbonates, oxalates, phosphates and 
tartrates of the heavj^ metals require acid 
treatment to effect solution. 8uli)hates of Ba, 
Sr, Ca, Hg", Pb arc insoluble in water. 

II. Acids, 

1. Hydrochloric acid decomposes carbonate and oxide ores of B, 
C'a, Fe, Mn, Mg, P, Sn (reducing agt.), Ti, U, 
Zn (SnCL assists Fc sol.). 

• 2. Hydrochloric acid together with or followed by an oxidizing re- 
agent, i.e. HNOs, KC1 C).t etc. Alloys of Al, Sb, 
Bi, Cu; Cr, Co and Ni steels, ferro silicon, Ti 
and V steels, sulphide ores of Cu, Ce, Pb, Mo, 
IJ, Zii. 

3. Nitric acid, dilute* or concentrated. Alloys of Bi, Cd, Co, Cu, 

Pb, Mn, silico manganese, ferro manganese, P 
and Ti steels, ores of Cd, Cu, Mo, Co and Ni. 

4. Aqua Regia. The metals and alloys of Au, Ir, Hg, V, Pt. 

Ores of Cd, Hg, Rh, W. 

5. Suhihuric acid. Ores of Al, Gl, Mn, Pb, Th, Ti, U. 

6. Sulphuric acid wdth IIF, silicates, Cu ores and alloys. 

7. Hydrojluoric acid, usually in conjunction with II2SO4, HCl or 

HNO3 useful for dissolving ores containing sili- 
2 * • cates where Si 02 is not to be determined. 

8. KBr, Br, JINO^, HCl combinations to dissolve pyrites of Pb, 

Ni, Fe, As, etc.^ Reactions 1-8 (excepting J") 
may be made in glass; 7 in platinum. 

III. Fusions • 

1. SdUium carbonate. Decomposes silicates of Al, Ca, Ce, Cr, etc.; 
halides of Ag; sulphates of Ba, Pb, 
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2. Sodium and potassium carbonates. Silicates of Al, F, Fe, Ni, Se, 

Te, etc. The mixture fuses at a lower tempera- 
ture than carbonate alone. 

3. Sodium carbonate with oxidizing agent, i.e. KCIO3, KNOs, Na202, 

ZnO, MgO.^ Ores of Sb, As, Cr, Fe, Mo, V, Zr, 
sulphides, pyrites, etc. 

4. Sodium peroxide. Ores of Sb, As, Cr, Mo, Ni, V, IT, Sn. Certain 

alloys and steel for chromium, etc. 

5. Potassium acid sulphate (with H2SO4). Ores of Al, Sb, Cu, Cr, 

Co, Fe, Mn, Ni, Rh, Ta, Ti, W. Steel with 
^ Cr, Mo, V and W, Th, phosphates, slags. 

6. NaOH, KOH, basic flux (with or without KF). Oxidized Sb 

ore, ores of Cr, Sn, Zn, Zr. Sulphides and sul- 
phates in sulphur determinations. 

7. Other reagents. NH4CI AndCaCO^i — alkali silicates, KCN — tin 

oxide ore, CaO, Na^O^. Organic compounds for 
halide determination. 

Reactions 1, 2, 3, may be carried out in iron, nickel or platinum 
crucibles, 5 in silica (porcelain) <>r platinum, 4, C, and 7 in iron, 
nickel and silver. 

§ 29 . The following r^sum6 by W. J. Crook, of reagents used in 
decomposition of products, is valuable for reference.' 

Reagents. — Ammonium acetate, NH4C2H3O2, is a very effective sol- 
vent of lead salts, especially the sulphate. It is prepared by adding 
strong acetic acid to strong ammonium hydroxide until the solution 
is just acid. 

Ammonium hydroxide, NH4OH, is a powerful solvent of chloride 
and bromide of silver. 

Ammonium sulphide, (NH4)2S, readily dissolves the sulphides of 
arsenic, antimony, and tin. This reagent decomposes slowly, losing 
NH« and forming (NH4)2S2. It should be kept in a dark cool place. 
To prepare the solution pass a rapid current of pure hydrogen sulphide 
through a solution of ammonia in a reagent bottle. 

Hydrochloric acid, HCl, is a powerful solvent and when mixed with 
HNOs in the proportion (2-HCl: I-HNO3) it will dissolve gold and 
platihum due to the chlorine which is thus liberated in the nasceiit 
sta|^; , 

Hydrofluoric acid, HFl, is used to decompose silicates, the silica 
beilit^ volatilized. ' 

Nitric acid, HNOs, is a powerful solvent and oxidizing agent. The 
fiiming variety is a more active oxidizer and desulphurizer. 

Sulphuric acid, H2S04^ is a powerful solvent and is generally used 
in a dilute form made by mixing concentrated acid (1.84 sp. gr.) with 
water in the proportion I-H2SO4: ^5H20. 

* Chemical. Lefax, Philadelphia, November, 1918. 
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Argol, KHC4H4O6, potassium acid tartrate commercial grade, is a 
powerful reducing agent and' also a basic flux. 

Borax f cryst., Na2B4O7.10H2O, is an acid flux sometimes used as a 
(^ver in place of NaCl. To dehydrate, fuse it in an iron or chalk 
lined clay crucible, pour the fused riiass on a clean surface and pul- 
verize when cold. Melting point. Borax glass, 742° C. 

Charcoal is a reducing agent and desulphurizer. 

IroUy metallic, a basic flux, and desulphurizer. Nails or wire about 
i inch dia. generally used. Melting point above 1500° C. 

Lead, metallic, a basic flux. It is also used as a collector of the ' 
precious metals in the assay of gold and silver ores. Granulated lead 
is used in scorification assays and sheet lead in bullion assays. Its 
silver content should be determined. Melting point, 327° C. 

Lead flux: 16 parts sodium bicarbonate, 16 parts potassium car- 
bonate, 8 parts flour and 4 parts borax glass. This mixture serves as 
a flux, reducing agent, and desulphurizing agent. 

Litharge^ PbO, is a basic flux and an oxidizing and desulphurizing 
agent. Its silver content should be determined. Melting point, 884° C. 

Silica^ SiOa, is an acid flux. Powdered lime-glass can be used as a 
substitute. Melting point, SiOg, 1775° C. 

Potassiiim bisulphate^ KHSO4, is a decomposing agent and an acid 
flux. Silica is not made soluble by this reagent. Melting point, 200° C., 
K2SO4, 1072° C. 

Potassium carbonate, K2CO3, acts same as Na2C08 and is frequently 
mfxed with it. A mixture in proportion to the molecular weights of 
the two substances is an excellent flux for decomposing certain silicates, 
clays, etc., which are difficult to handle by either carbonate alone. 
Melting point, K2CO3, 909° C. 

Potassium cyanide, KpN, is a powerful reducing and desulphuriz- 
ing flux and is frequently used in the fire assay of Pb, Sn, Bi and Sb. 
Its solution is a solvent of gold and silver. Fuses at red heat. 

Potassium^ hydroxide, KOH, acts same as NaOH and is used for the 
same purposes. Melting point, 360° C. 

Potassium nitrate, KNO3, is a basic flux and also a powerful oxi- 
dizing agent. Melting point, 339° C. 

Sodium hica^rhonate, NallCOs, is a desulphurizing agent, a basic 
flux and sometimes an oxidizing agent. The corresponding potassium 
salt may also be tiscd. 

Sodium carbonate, Na2C03, is used alone or in conjunction with other 
reagents for the decomposition of silicates, etc. Melting point, 849° G.^ 

Sodium chloride, NaCI, a neutral flux, used as a cover in assay. 
Melting point, 804° C. 

Sodium hydrate, NaOH, is used principally for the decomposition of 
sulphides and sulphates in sulphur determinations. Sometin^es used 
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to decompose certain silicates, oxides and certain organic compounds. 
It is a basic flux. Melting point of NaOH, 318° O, • 



Sodium nitrate, NaNOsjis 
a decomposing and also an 
oxidizing agent. KNO3 is 
also used for same purpose. 
Melting point, 316° C. 

Sodium thiosulphate solu- 
tion, Na 2 S 203 , is a solvent * 
for AgCl. 

Oxidizing Agents in most 
general use are oxygen, chlo- 
rine, bromine, potassium per- 
manganate, potassium bi- 
chromate, nitric acid, potas- 
sium chlorate, sodium nitrate, 
hydrogen peroxide and am- 
monium nitrate. 

Reducing Agents. — Hy- 
drogen, H, is used in the 
form of a gas which should 
be dry and free frftm impur- 
ities. Hydrogen sulphide, 
H 2 S, is prepared by adding 
dilute 112804 to pure iron 
sulphide. If pure iron sifi- 
j)hidc is not at hand it can 
be i)reparcd by fusing iron 


nails with sulphur in the proportion of about 1 part iron to 2 parts 
sulphur, by weight. Sodium sulphite, Na^SOs. is used for the reduction 
of ferric solutions. It separates arsenious si'ilphide, which is soluble 
in it, from the sulphides of antimony and tin, which are insoluble ip it. 
Stannous chloride, SnCL, is frequently used for reducing iron solutions. 
Solutions of sugar, tartaric acid and many other organic compounds 
will serve as reducing agents. t 


Fig. 23a sliows a convenient form of a generator for obtaining hydrogen 
sulphide gas under pre.sRure, The (;ylinder A A' is constructed, as shown, to 
support perforat-ed lead disk G, upon whi(!h rests the iron sulphide, l^he lower 
end 6f the chamber is closed to catch small particles of FeS that may be carried 
through the perforations of the disk. Small openings admit the awd to A'.‘ 
The level of tne acid is below the disk G, so that the acid only comes fti contact 
with the sulphide when pressure is applied by means of the rubber bulb E, 
ttie stopcock S^ being open and closed. The mercury gauge C is adjusted 
to blow out at a given pressure, to prevent accide.nt, the bulb I) preventing the 
mercury from being blown out of the apparatus. A small opening in D allows 
the escape of the gas. When the apparatus is in operation,® H is connected to 
an empty heavy-walled bottle, which in turn is attached with glass«*tube con- 
nection to the pressure flask in which the precipitation of the sulphide is made, 
the flask, being closed to the outside air. By pressure on the rubber bulb E, 
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acid is forced into the chamber A* past the disk into the sulphide in A. The 
entire system will now be undc»the pressure indicated by the gauge C. The 
pressure is released by opening the stopcock and the flask conUinirig the pre- 
cipitate then discoimected. The reservoir is designed to hold about two liters 
of acid, and the cylinder containing the sulphide is of sufficient capaejity to hold 
(Arei; one pound of FeS, so that the appaj;atu8 will deliver a large quantity of 
hydrogen sulphide. «• 


PRECIPITATION 

§ 30 . 1. Suggestion for Making Up Reagents. — The reagents used ' 
in the laboratory for precipitating substances should have a known 
amount of compound per cc. It is very desirable that this factor be 
placed on the bottle. The reagents are commonly made on the loose 
percentage basis. For example, a 10% sodium oxalate solution is made 
by dissolving 10 grains of the salt in 100 cc. of w^ater; a 10% sulphuric 
acid solution is often a 10% by volume solution, i.e. 10 cc. of the con- 
centrated acid made up to 100 cc. with water. Such solutions are suit- 
• able for obtaining qualitative tests where exact c|uantities are not 
required, but for quantitative reagents it is far better to make these 
so that their values per cc. are known. For example, 10 grams of 
silver nitrate dissolved and diluted to 1000 cc. This would not be 
a 1 % solution, but 100 cc. would contain 1 gram and 1 cc. value would 
be 0,01 g. AgNOs. The chemist would now be able to use the necessary 
amount of reagent to accomplish intelligently the reaction desired. For 
decomposition purposes it is better for the chemist to make up his 
o^n reagents, as required, from the concentrated reagents on stock. 

2. Precipitation. — The amount of reagent required should be es- 
timated on the basis of such a percentage of constituent in the un- 
known as would exceed any possible amount that could reasonably 
be expected. If the material is one that contains uniformly given 
amounts, add sufficient reagent to precipitate the maximum quantity 
generally present and an excess of 10 to 25%. If a larger excess is 
necessary the amount will be indicated in the special method for the 
compound. » ' 

(tt) Example. The unknown is a salt of barium which tests show 
to be barium cSloridc. One gram sample is taken. Now the per- 
centage oL barium in the pure salt, BaCL = (137.4 X 100) divided by 
137.4 + (35.5 X 2) = 66% barium. That is, 0.66 gram of barium may 
be present. If BaO is also present this percentage will be higher. 
The amcj^int of /barium would not exceed 0.8 gram unless the metal 
were present, a condition very unlikely. It would be safe to calculate 
the amount of reagent required on the l?asis of 0.8 gram of Ba being 
present. In the reaction that takes place all that need be considered in 
the calculation . 

is Ba + H 2 SO 4 * BaS 04 

* 

The other products formed do not matter here. 
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For every 137.4 grams of barium, 98.08 grams of sulphuric acid are 
required. The factor therefore of barium to sulphuric acid is obtained 
by dividing 98.08 by 137.4 which equals 0.7139. That is to say that 
1 gram of barium will require 0.7139 of 100% sulphuric acid to com- 
pletely react with it. 0.8 gram would require 0.7139 X 0.8 =* a little 
over 0.57 gram and 10% excess will make this about 0.63 gram 
H2SO4 that should be added. 

(5) If the reagent is marked 10%, this generally means 10 grams of 
reagent in 100 grams of solution. It is not customary to weigh out the' 
acid. 1 cc. of this reagent actually contains' about 0.107 gram of sul- 
phuric acid (see Table X in back of book). If the reagent has been ^ 
made by adding 10 grams of strong acid to 90 cc. of water it is i 
nearer a 20% solution than 10%, and calculations should be made ' 
accordingly. Study examples § 17. If the reagent is correctly 10%, 
0.63 divided by 0.107 will give the amount required to precipitate 
the barium, namely 6 cc. 

(c) If the reagent is marked 1 cc. = 0.01 g. H2SO4 then since 0.63 
gram is required, 0.63 divided by 0.01 = 63 cc. of reagent are required. 
In this case the acid is only about 1% in strength. 

(d) Addition of More Reagent. — This is generally advisable if 
there is any doubt as to the amount being sufficient. After the pre- 
cipitate has settled, a drop or so of the precipitating agent is added, 
and if any precipitation occurs a larger amount is added as required. 

If the strength of the reagent is not known it may be necessary to 
add this drop by drop as long as a precipitation is caused. Burettes 
should be used in general practice. In technical laboratories, where 
definite amounts are required, pipettes are convenient. It is a good 
practice to test the filtrate to be sure that the precipitation is complete. 
Review § 13 and § 14. 

Normality solutions. — Should it be preferred to make up the solu- 
tions on the normality leases, using molecular weights in their relative 
combining ratios, it would be well to place of the reagent bottlCvS the 
value in terms of one c.c. It should be remembered that a normal 
oxidizing factor weight may differ markedly from a precipitating factor 
weight. For example potassium dichromate as an oxidizing agent re- 
quires 73.55 grams per 1000 cc. of the salt, and 49.0? grans as a pre- 
cipitating agent in a normal solution. A normal solution for gravi- 
metric determinations and one for volumetric work migiit well be 
designated N — G. and N — V. following the exact value of the 
reagent. 

Examples. 

1.03 N X G. K2Cr207 contains 1.03 X 73.55 g. per liter. 

1.03 N X V. KsCr^O? contains 1.03 x 49.03 g. per liter. 
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FaTRATION 

§31. 1. The purpose of this is to separate the mother liquor and 
the excess of the reagent from the precipitate. If the precipitate is to 
be ignited and filter paper is used, this should be of a quality such as 
leaves practically a negligible weight of ash. For separations, where 
the precipitate is dissolved from the filter, the so called “ ashless ** 
filters are not necessary. 

2. Types of Filters for Rapid Filtration in Making Separations. — 

A very simple type of filter for rapid filtration in separating out 
coarse material is what may be called the “ cotton wad filter ” This 
is made by placing a loose ball of absorbent cotton in a funnel. The 
loose wad, about an inch or more in diameter according to the size of 
funnel used, is held in place and a stream of water poured over it. 
When freed from bubbles it will remain in place. Care should be used 
in not packing this wad, or allowing a tail of cotton to plug the stem 
of the funnel. Sec Fig. 24. 

3. Witt Plate with Paper Pulp. — This type is used in connection 



with suction. The funnel is set up as shown in Fig. 25, the Witt plate 
is placed in the funnel and a paper filter slightly larger than the plate 
placed over it "knd moistened with water. Suction is now applied and 
a small amojint qf paper pulp ^ poured over the plate. This will close 
any leaks around the edge of the plate. The suction should be started 
before pouring any solution in this funnel otherwise the pulp will stir 
up and solid material will pass through. With long-stem funnel, 
suction is not required. 

4. Tilth Buchfie:- funnel is convenient for filtration of large quanti- 

ties of solution. It is used also with suction in connection with a 
filtering flask. See Fig 26. ® 

5. The Platinum Cone Filter. — Where suction is desired in filtra- 
tions through the -ordinary types of paper filters a platinum cone with 
perforations is useful for preventing the breakage of the paper. 

^The pulp may be prepared by shredding filter paper in strong hydro* 
chloric acid and then washing out the acid, using a Uiichner funnel. ‘ 
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FILTERING PRECIPITATES -FOR IGmTION 

6. The Ordinary Filter. — Directions for folding filters are given in 
the elementary courses in chemistry and will not be considered here. 
The Figs. 29a' and b show the customary method of folding. The corner 
is torn off to make the filter fit more snugly around its upper rim 


f 


in the funnel. 

7. Long-stemmed funnels are recommended as they filter more rapidly 
owing to the suction caused by the column of water in the stem exert- 
ing a pull in proportion to its length. The writer has observ'^ed that 
etching or frosting the lower part of the funnel by means of hydro- 
fluoric acid improves filtration. The frosted zone should be below the 
upper rim of the paper filter as this should adhere to a glazed surface to 


prevent air passing down the rim. 

The stem of the funnels should rest « gainst 
the side of the receiving beaker, otherv\isc the 
filtrate is apt io cause a splash that may 
result in loss. 




Pig. 28 Fig. 29 Fig. 30. Method of filtering. 


8. The Gooch Crucible. — This is a popular form of apparatus for 
gravimetric determinations. The crucible prepared with an asbestos 
matt according to directions that follow is dried in an oven, and 
weighed. It is now used not only as a filter. but also as a cru(;iblc in 
which the precipitate is ignited. This type of filter is desirable with 
precipitates that arc reduced by the carbon of filter paper. • 
§32. Preparation of a Gooch Crucible. — 1. Asbestos Fibre. — The 
asbestos for use in Gooch crucibles should be carefully selected. The 
fibres should be moderately stiff, not the “ cottony • typ^. Cut the 
fibre into pieces about^ J inch long. Ignite the asbestos in a platinum 
dish at low red heat. Cool and transfer to a clean porcelain mortar 
and mascerate to a pulp with strong hydrochloric acid. Dilute with 
water and transfer to a large beaker containing flOtHSOO cc.^f water: 
Stir thoroughly, allow to settle and pour off the milky water. Repeat 
washing with water until the milkiness, due to powdered fibres, is 
scarcely evident. , Now filter off the asbestos into a Buchner funnel. 
Again wash with water until free of acid. Transfer to a wide mouth 
bottle, add water in sufficient amount to form with the stirred up 
fibre a thin suspeiision of asbestejs. This is now ready fof use. If 
preferred the asbestos may be dried and kept in this form until desired. 
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2. Preparation of the Filter. — The Gooch crucible, either of plati- 
num or porcelain, having a ^perforated bottom, is placed in a funnel 
tube and the apparatus set up as is shown in Fig. 31. The suction 
bottle holding the Gooch is attached to a second bottle, if a water 
fiPlter pump is used to obtain the vaepum, as there is danger of water 
being sucked into the apparatus from the tap. Suction is now applied 
and a small amount of the finely suspended asbestos is i)Oured into 
the crucible, in amount sufficient to form a thin pad of the material 
about inch thick over the bottom of the Gooch. The felt is washed 
with distilled water, the asbestos drawn down hard. It is possible to 
see light through the bottom of a properly made filter. The crucible 
is placed in an oven and tlie filter dried to constant weight at 110® C. 
For BaS 04 and AgCl determinations it is advisable to make the filter 



about twice the above thickness to prevent the precipitate from pass- 
ing through. Whenever the Gooch crucible is used, suction should 
be applied before pouring material into the crucible and the suction 
continued (^rin^^the washing of the precipitate. 

§ 33. Filtration and Washing of Precipitates. — In filtration and 
washing of .the precii)itate the following precaution should be observed, 
(a) When filter papers are used the folds of the paper should be 
well creased to prevent the precipitate passing between the folds. 
The papeft- should lit the funnel snugly. 

(h) The filter should not extend above the rim of the funnel. 

(c) Wash out the greater amount of* the mother liquor by usin^ 
pure water in the first washings. If the filtrate is cloudy as it first 
comes through, pass this portion again through the filter. 

(d) T (4 prevent cloudy filtrates, add the precipitating agent 
slowly to a hot solution. Allow to' stand, stirring occasionally, until 
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the digestion ” forms crystals which will not pass through the 
filter. • 

(e) Precipitates that persist in passing through the filter may 
often be prevented from doing so by adding to the wash water an 
ammonium salt, such as ammc^num chloride or ammonium nitrate. 
The salt need not be washed out as it is volatile. The salts prevent 
formation of colloids. 

(/) Test the filtrate to ascertain whether the precipitation has been 
complete. With experienced analysts this precaution is not necessary. 

(^) Gelatinous precipitates filter slowly and are difficult to wash 
* free of impurities occluded by the precipitate. Filtration may be 
hastened by adding paper pulp to the solution containing the precipi- 
tate or by pouring a little paper pulp into the filter before adding the 
filtrate. 

(h) Washing by decantation is generally to be recommended, as 
much as possible of the precipitate being retained in the beaker during 
the first three or four washings and the precipitate then transferred 
to the filter. This treatment is unnecessary for crystalline, easily 
filtered precipitates. 

(t) Precipitates which absorb (occlude) substances should be re- 
dissolved and the precipitation repeated. This is especially necessary 
in separations where the substance, liable to be absorbed, is being 
determined. 

(J) The beaker in which the precipitation was made should be 
copped ” out and all the material transferred to the filter, the beaker 
being left perfectly clean. 

(k) To ascertain whether impurities have been washed out from 
the precipitate precautions are generally given to test the wash water. 
For example, in washing baiium sulphate free of the excess of barium 
chloride reagent, in the determination of sulphur, tests are made for 
chlorine. This precaution is excellent advice for the beginner. It 
is never observed by the experienced chemist as thoroughly tested 
methods for removal of impurities have made ample provision for 
removal of such impurities. 

(l) A filter is best washed by starting with a stream of the wash 
water around the upper rim of the filter and following, down in a 
spiral towards the precipitate in the apex, filling the filter J to | full 
at each washing. 

(m) Washing the precipitate with hot water or when necessary 
with hot water and a volatile salt with an ion common to one of the 
precipitates is frequently advisable. For examfJe, lead' sulphate, 
PbS04, is prevented from dissolving by adding sulphuric acid, H2SO4, 

^to the wash water. Likewise the precipitate potassium cobalt ni- 
trite, K 6 C 02 (N 02 )i 2 , is washed with a 10% solution of potassium 
acetate, KC2H3O2, containing potassium nitrite, KNO2, and ammonium 
phosphomolybdate is washed with ammonium nitrate. Se% § 7. Hot 
water is especially advisable in "washing gelatinous precipitates such 
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as ferric hydroxide, aluminum hydroxide, uranium hydroxide, etc. 
Addition of amnronium salts such as ammonium nitrate also prevents 
formation of colloidal solutions. 

f (n) Occasionally it is necessary to wash the precipitate with a 
wash solution that has been saturattid with the same compound 
(e.g. Determination of platinum). 

IGNITION 


§ 34 . 1 . The purpose of ignition of the precipitate that has been 
separated from its mother liquor and the excess of precipitating rc- 




Fio. 32 — Bunsen Burner Fig. 33 — Mekcr Burner Fig. 34 — Blast Lamp 


agent, is to expel the water present free or combined, and to form a 
compound of definite composition. 

2. The amount of heat necessary varies with the compound, from 
the heat of the drying oven (100° C.) through the dull red heat to 
white heat of the blast lamp. 

I. Apparatus. — 1. Various 
, types of burners are commonly 
used; the Biwisen burner. 

Fig. 32; the Meker or Scima- 
tico burner. Fig. 38; the blast 
lamp, Fig. 34, are familiar 
types : the order named is in 
direct ratio of heats obtained. 

With a goad grada gf gas the 
Bunsen gives a teiliperature of 
. about 1100° C. while a blast 
lamp gives over 1800° C. The 
heat value 'depends largely on 
* the grade of gas used and the construction of the burner. In the 
study of tfie gas flame it has been Jearned that the flame may be 
considered as being made up of zones, the cold inner gas zone, of un- 



••HJgher oxidizing flame. Excete of oxygen but 
QOt as hot as tne lower oxidiitfig flame 

“Zone of complete combustion 


- —Luminous point of reducing flame 

- “Reducing flame 
‘-Hottest portion of the flame 

" -Lower oKirfizing flame. Excess of oxygen 
■ — Onburned gas 
—Low temjperature 


Fig. S.*) — Gas Flame 
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burned gas, the zone of high heat with the reducing flame, the zone of 
complete combustion. Sec Fig. 35. The Meker burner flame, by an 
ingenious device of a large number of small openings is made up of a 
corresponding number of flames, thus practically eliminating the c<^d 



Fig. 36 — Elcctm; Furnace 


inner zone of unl)iirncd ga.s, resulting in a more intense heat. This 
type of burner meets the greatest demand in ignitions. The blast lamp 
utilizes additional air for combustion ()f the gas, thus eliminating the 
colder gas zone. This type of burner is required 
ill blasting precipitates from which water is driven 
with great difficulty, as in case of aluminum 
hydroxide, which requires intense heUt to form 
the oxide of definite composition (AI2O3). The 
electric furnace may be used in ® 
place of burners for strong igi^- 
tions. Fig. 36. 

2. Cruciblcfi. — Porcelain, sil- 
ica, alundum, “ rotanium ” ^ and 
platinum crucibles are familiarly 
known in the technical labdrfl,; 

tory. Porcelain, silica, and alun- gg Force- 

' • Fig. 37 — Platinum <ium useful where an intense lajn Crucible 
Crucible heat is not required; platinum 

is especially useful for high temperature igni- 
tion heats, wher^ the blast lamp is required. See Figs. 37,, 38. 

• ^ Jour. Ind. Eng. Chem. Vol. 9, No. 9, p. 590. June, 1917. 
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11. Care of Platinum. — When using platinum the following pre- 
cautions should he observed: — 

(a) Platinum should not be handled at red heat with iron or 
nickel tongs; this should be done only with platinum tipped tongs, 
otherwise the platinum should be slightly cooled before removing 
from the triangle, the flame being removed. 

(h) Platinum should not remain in contact with the inner uiiburned 
gas zone or in contact with a smoky flame as the carbon present in 
the flame will alloy with the crucible, forming a brittle carbide. See 
that the hot colorless flame alone is in cont-act with the vessel. 

(c) Do not ignite in platinum the elements or compounds of 
arsenic, antimony, tin, lead, bismuth, and zinc; free sulphur or phos- 
phorus or compounds of these easily reduced by the carbon of a 
filter. 

(d) Never handle platinum roughly by bending it or attempting 
to remove adhering substances with a file, or glass rod or other hard 
material. Such sulistanccs should be dissolved out with hydrochloric 
,or nitric acid, never the two together as the metal dissolves in aqua 




Fig. 39 — Pipe.stcm Triangles 


regia; it is also attacked by hot alkalies, such as sodium and potassium 
hydroxides; it is attacked by bromine, iodine, and chlorine, so that in 
dissolving out precipitates avoid using reagents which would liberate 
the halogei; 3 . Some substances which resist hydrochloric acid may be 
removed by fusion with sodium carbonate or potassium acid sulphate. 
See §§ 45 and 46. 

(e) In polishing platinum to keep it bright, as it should be kept, 
use sea sandej th«> grains are rounded and will not scratch tlue metal. 

(/) To keep the vessels from being bent, wooden moulds arc often 
used. Platftmm ware should be kept in a box by itself. 

III. Procedure in Ignitions. — 1. The crucible should be heated 
to rednes^ by placing it on a pipestem triangle, or a ni chrome or 
platinum triangle, Vesting on a tripod under which is the burner. 
(Fig. 38 and Fig. 39.) The crucible is cooled in a desiccator, then^ 
weighed and its weight recorded. ' - 

2. The- material is placed in the crucible by pressing the top of 
the filter together, giving the upper ' portion a fold, to safely enclose 
the precipitate, then inverting the filter so the apex. stands up in the 
crucible. There are two methods of igniting the precipitate. 
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(a) Ignition of the precipitate in the filter while still moist (a 
wet filter and precipitate being dried Slightly befoce ignition). This 
is done with precipitates which arc not liable to serious reduction by 
the carbon of the filter. 

(h) By ' drying the filter and precipitate, removing as much* as 
possible of the compound from the filter, idacing it on a sheet of 
glazed paper, then igniting the filter, the precipitate is now added to 
the ash of the filler in the crucible and it is ignited. 

3. The length of ignition depends upon the nature of the sub-' 
stance. Barium sulphate, for example, should not require over 10-15 , 
minutes, while aluminum hydroxide will require half an hour or more 
of blasting to effect the desired results. It is well to start with a low 
heat, i.e. cover the crucible and apply heat gradually, then more 
strongly to full heat of burner or blast, with crucibh* uncovered. 

4. The crucible tilted on its sidt* enables air currents to enter the 
vessel to oxidize the filter paper carbon. (Drafts 

should be avoided as the material may be blown 
out.) 

5. The crucible is placed in a desiccator and 
cooled and then weighed. Fig. 40. 

6. The ignition is now repeated for a few min- 
utes and the material again cooled and weighed. 

This is repeated as long as a loss of weight occurs. 

The compound should i)ccome constant in weight. Fiq. 40 Desiccator 

7. Oxidation of Carbon Resisting Combustion. — 

Occasionally carbon is held within the precipitate and resists oxida- 
tion as the material has fused around it protecting the carbon ftom 
the air. This is often the case in ignitions of magnesium phosphate. 
Oxidation may be effected by moistening the cooled residue in the 
crucible with strong nitric acid, heating gently to expel the acid and 
then strongly. 

§ 35. Standardization of Weights and Volumetric i^paratus. — 

For accurate work it is important that the standards by which we 
make our estimation — weighing and volumetric measuring — be 
accurate. Details for standardization of weights and volumetric 
apparatus are given in a special chapter on the sul^^ct i*nder “ Appa- 
ratus.*^ 

§ 36. Precautions in Volumetric Analysis. — The following facts 
should be noted in volumetric determinations: 

(a) The measuring vessels, pipettes, volumetrig measi^ring flask/? 
and burettes should be clean. Potassium dichr^mate-sulphuric acid 
reagent is excellent for removing grease and cleaning this apparatus. 
(See Reagents.) Special airtention should be given to burettes drain- 
ing properly, i.e. drops of the reagent should not cling to the walls 
of the burette during a titration. If this occurs the results obtained 
will not be accurate. • 

(hi The conditions under which the reagents are used should be 
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the same as those of standardization. For example, a reagent stand- 
ardized at 25° C. will not have the same value per cc. as it will at 
15° C. An allowance must be made for contraction in this case. 
Li^e gases, liquids contract on cooling and expand on heating; un- 
fortunately no definite rule can be given for all solutions, as the 
contraction and expansion are influenced by the nature of the liquid. 
Furthermore, the expansion, unlike gas, is not constant per degree. 
(Consult Table CXLV, p. 629, Van Nostrand’s Chemical Annual — 
Olsen Fifth Issue.) Correction factors will be given for the reagent where 
deemed necessary (e.g. C-haptcr on Acidimetry and Alkalimetry). 

(f) The same amount of indicator used in standardization should 
be used in the subsequent titrations with the reagent. 

,Sh€ef of Paper, 
i Upper Half WhiH, 
i Lower Half Black f 
^ fo Assisi Peading 



Peading the Floaty Reading 
Dark Colored Transparent 

Liquids. Liquids. 

Fio. 41 

(rf) The .standard solutions should be kept in air-tight glass stoppered 
bottlcfs. Some reagents should be kept in dark glass bottles. 

(e) Standards should be checked occasionally, the frequency 
necessary varying with the reagent. This will be taken up again 
under “ Preparation of Reagents.” 

(/) Before titration it is necessary to shake up the standard so- 
lution, to make the mixture uniform, since some vapor may condense 
on the walls of the bottle, which should be included with the reagent. 

• Reading of Bvjrc^ttes. — The Fig. 41 shows the position of the 
eye in reading a’ burette. Floats are convenient for opaque liquids 
such as iodine. 


ANALYSIS 

§ 37. Preliminary Considerations — Moisture and Water of Ciys- 
tallization. The samples as received may contain considerable 
moisture that cannot be neglected in the evaluation of the prjoduct. 
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Ores, for example, shipped in open cars^ may pick up water in transit 
from the mines of producer to the customer. This water content 
should be determined at the mines as well as at its final destination. 

DETERMINATION OF ‘MOISTURE AND WATER OF 
CRYSTALLIZATION 

1. Moisture. — The moisture is best determined on a 10-100 
gram sample. The sample is weighed and placed in a watch or clock 
glass and heated to constajit weight in oven at 105-1 10° C. The loss 
of weight is calculated to per cent on a 10 gram sample by multiplying 
by 10 and directly on 100 gram sample. 

2. Water of Crystallization. — Many of the crystallized s:dts do 
not give up all of their water of crystallization until heated consider- 
ably above the boiling point of water. Two methods of procedure 
will be considered. 

(а) The Lotts Method, which consists in heating the salt to a 
temperature at which the water is completely driven off and obtaining 
the loss of weight by weighing the anhydrous salt. By this method 
error may result owing to the fact that the anhydrides generally 
absorb moisture rapidly from the air, so that the salt must be trans- 
ferred hot to the desiccator, cooled and then weighed as rapidly as 
possible. 

(б) Absorption Direct Method, which consists in heating the 
salt in a boat in an enclosed tube, passing a current of dry air over 
the sample which carries the moisture to a tube containing a dehy- 
drating agent, where the water is absorbed and may be weighed 
directly, 

3. The Loss Method in Detail. — For practice a sample of either 
barium chloride or copper sulphate will be taken. BaCl 2 . 2 H 20 , 
CUSO 4 . 5 H 2 O. The determination should be made in duplicate. 

Procedure, — Carefully clean and dry a weighing bottle. Place 
in this 5-10 grams of the crystals. If the crystals are largo they 
should be broken down to about the consistency of cqarse sand. 

Heat the crucible on a pipestem triangle to redness and cool the 
crucible in a desiccator containing calcium chlotide. * Weigh and 
record the weight in a notebook. 

Place in the crucible 1-2 grams of the sample from fhe weighing 
bottle. Make note of the exact amount by deducting the weight of 
the crucible from the total weight of crucible and, salt. , 

Place the crucible in a clean crucible of iron or nickel df sufficient 
y capacity to allow an air space of \ inch around the vessel containing 
the salt. A thin asbestos*' fad is placed at the bottom of the larger 
crucible separating it from the smaller. 

Place the larger crucible with its contents on the triangle of a 
tripod and heat to low redness, ajjplying the heat gradually, keeping the 
temperature within the crucible at 100-120° C. for 10 minutes or more, 
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then increasing to 250° C., tiie outer crucible becoming red hot. Keep 
the large crucible at red heat for about 10 minutes. 

Cool in a desiccator and then weigh the smaller crucible with its 
contents and note the loss of weight. 

Repeat the heating in the larger c»-ucible until the weight of the 
sample becomes constant. Calculate the loss of weight and report as 
per cent water. (Loss X 100 divided by Wt. taken.) 

Note: It is frequently necessary to cover the inner crucible during 
the initial heating to prevent loss of salt due to “ snapping out,” de- 
crepitation. The crucible cover should also be weighed. 

§ 38. Determination of Water. Absorption Method.^ — The ap- 
paratus for this determination is shown below. (Fig. 42.) The combus- 
tion tube C is attached to the calcium chloride or i)hosy)horus penta- 
cliloride tubes A and D. The former to dry the air entering C and 

Combustion Tube 



the latter, D, to retain the moisture swept from the sample in the 
boat j 5. The carboy E is used as an aspirator by allowing an outflow 
of water (about*five drops per second) from a stopcock at the bottom. 

Procedure. — The combustion boat B is dried and weighed. Mean- 
time the apparatus is swept out with dry air for about 10-15 minutes. 

The tuba D is detached and carefully weighed, preferably using a 
counter- weight calcium chloride or phosphorus pcntachloride tube, 
which is kept alongside of D. The tube D contains calcium chloride 
in small luitips. The ends of the tube are packed loosely with cotton 
or glass wool. Tube A is prepared in the same way. 

Place in JB 1-2 grams of the sample. I’isert in the tube C. Attach 
the weighed tube D. See that the apparatus is properly connected 
and tight. 

Gently i^pply heat to the portion of the tube adjacent to B. In- 

1 These methods are pot apx)licablo to i-ompounds do(^omi)osing on heating. 
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crcivsc the heat as desired by means of a Mekcr burner, aspirating 
air through the apparatus by allowing an outflow of water from E 
at the rate of fiv(^ drops p(;r secrond. 

If any inoisluro condenses in (/ drive it hjrward to I) by heating 
the tid)e, but be careful not to ju'at the tube too much near the rubber 
stopper, as fumes from th(‘ rubber would cause an error in results. 

Forty minutes to un hour shoidd be ample for the expulsion of 
water. The tcmi)crat,ure finally obtained should be not over .‘j()0° C. 
for most salts. Higher heat may Ix' necessary for certain oxides, but 
for such the ignition unit hod in an oi)cn crucible is recommended. 

The tube D is disconnected and weighed. (Using the tare weight 
counter balance, as suggested.) The increased weight is due to the 
water of the sample. 

Calculation of Percentage of Material Determined in the Original 
Sample to the Dry Basis, or if Determined on a Dried Sample to 
the Original Form Including Water. — Frcriuently a chemist is re- 
quired to report the percentage of constituent both on the dried 
sample and in its original form containing water. The following 
formulae will be of assistance in these calculations. " 

Let a = percentage of material found (determined on the dry 
basis, or in the original sample, as the case may be). 
b = pententage of total dry material with water expelled, 
c = percent of water in the original sample, 100 c = b. 


Then 


100 X a 
b 


- Percent calculated from wet basis to dry. 


nX h 
100 


Percent calculated from dry basis to wet. 


DETERMINATION OF MOISTURE IN GASES 


§ 39 . The gas to be tested i.s passed through a dehydrating agent such 
as phosphorus peiitoxide, P 2 O 6 , alumina, AljO.^, or lime, CaO, contained 
in a weighed U-tube, Fig. 43. The following facts should be borne in 
mind in selecting the dehydrating agent: {a) It should not ab.sorb 
the gas; (b) it should not react chemically with tlie gas. For example 
— lime or alumina could not be used for determining moisture in sul- 
phur dioxide, nor could phosphorus pentoxide bo used in determining 
moisture in ammonia. For the former, phosphorus pentoxide is best, 
and for the latter, lime. Alumina that lias been carefully heated to 
1400° is useful for determining moisture in neutral gases. It should 
be remembered that gases dried over calcium chioride ■v^ill give up 
moisture to strong suljihuric acid, and these in turn will give up mois- 
ture to phosphorus pentoxide: Professor Morley has even determined 
the amount of moisture that is left after this latter treatment. 

Procedure. The volume of the gases required for the test varies 
widely according to the percentage of moisture in the gas 1000 cc. to 
10,000 cc. arc generally required. For minute amounts of moisture 
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it may be necessary to lead tlie gas over the dehydrating agent for a 
given length of time, using a manoinotcr or difCerencc gauge, or a gas 
meter. The absoVi)tibu tube is weighed before and after tlie test and 
the increase in weight taken as tlie moisture content of the gas. 

• 

SUGGESTll)NS 

§ 40 . Read tlie Introduction to become familiar with the subjects dis- 
cussed. Know, at least, where to iiiul the subjects with which it deals. 
Review these special sections as reepured during the course of study. 

In the body of the text the elements are taken up in alphabetical 
order, but it is not advisable to make a study of these in the order 
presented. The arrangement is for convenience of reference, as is also 
the arrangement of tlie topics in each chapter. The following outline 
is generally adhered to in each chapter. 

Element 

A. (a) Deiedion. — Qualitative tests — For information, when desired. 
{h) Edimation. — ]h’C[)aration of the sample. Suggestions regarding 

methods of solution of substances commonly examined for the 
element under consideration. This section is intended for general 
references, for special cases that come within the scope of a tech- 
nic.al lalioratory. 

(c) Separntny}is, — This section also is for rcfcreiii^e, to afford infor- 
mation that may be drawn upon for special cases. 

B. Mdhods. ^ 

Here are given the details of procedures which may be generally 
• used. Optional methods are included to meet local conditions. 
Certain methods are recommended for the beginner on account 
of the simplicity of the procedure and the added detail, explana- 
tion of reactions, etc. 

The methods are classed under two heads — gravimetric and 
volumetric. The procedures have been carefully selected from 
rgcogiiized standard methods that are rapid and accurate. 

§ 41 . The fallowing courses arc recommended. Study the elements 
in the order given. 

• ^ 

1. Elementary Course for Beginners 

Gravimetric Methods: 

Water of crystallization, 

Chloriiiel and silVer, 

Calcium and carbon dioxide (limestone), 

Aluminum and iron (determined as oxickpg!), 

Magnesium (determined as pyrophosphate), 

Ash and volatile matter in coal, 

Copper electrolysis, 

Silver by electrolysis, 
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Volumetric: 

Review sections on volumetric analysis in Introduction 
Acidimetry and alkalimetry, 

Sulphuric acid and sodium hydroxide, 

Sodium carbonate determining sodium hydroxide as 
well as carbonate, 

Sodium bicarbonate, determining also the sodium 
carbonate present, 

Calcium by ])ermaiiganate method, 

Iron by chromate and permanganate methods, 

Manganese by the oxalale-pcrmanganatc method, 

Lead by the oxalate-i)ermanganale method. 

Copper by the iodide nuithod, 

Arsenic by tlie iodine method, 

The Gutzeit method for traces of arsenic. 

Antimony by the bromate method, 

Zinc by the ferrocyaiiidc method, 

II. Advanced Course in Quantitative Analysis 

The student has had both gravimclric and volumetric methods. 
In this course a study is made of the less common elements using tlie 
method best suilod for the purpose. A study is mad(‘ of special 
subjects as the demand may arise. The following order of subjects 
is offered by way (jf suggestion. 

Silver, gravimetric and volumetric. 

Nickel, gravimetric and volumetric, 

Chromium, the iodide and ferrous sul])hate methods, 

Molybdenum, gravimetric and volumetric, 

Tungsten, gravimetric method. 

Uranium, gravimetric method. 

Vanadium, volumetric method by permanganate. 

Cobalt, mercury, tin may also be stuilied. 

Special Subjects. The analy.sis of steel for 

Sulphur, Manganese, Carbon and Rhosphorus, and 
Silicon in iron; the following methods bein^ 
recommended. 

Evolution and gravimetric methods for sulphur, 

Bismuthate method for manganese, 

Colorimetric and combustion methods for carbon, 

Alkalimetric method for phosphorus, 

Silicon in iron. 

Alloys, determination of lead, antimony, tin, zinc, etc. 

Slags and flue dust 
Impurities in refined copper 
Impurities in refined lead 
Impurities in alloys. 
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111. special Courses 

Fire Assay Methods 
Analysis of Gas 
Arftilysis of Water 
Other Special Cc^urses 
Research Investigations. 

DEMONSTRATION METHOD FOR LABORATORY 
INSTRUCTION 

A marked advance in tlie efficiency of laboratory instruction has 
been attained by tlie demonstration method,' a ])ro(rdiire calling upon 
the teaching ability of tlie instructor. The smaller the class or section, 
the better for the individual student. The following is an outline 
of the inctliod: — 

At the outset such methods are selected as can be completed in 
Si single laboratory period of three hours. The students are provided 
with notes in which the analytical iirocedurc is divided into short 
natural consecutive stc])s, indicated as 1, 2, etc. All the students 
arc provided with jiortions of the same sample, and in the demon- 
stration sta^c it is immaterial whether the correct result of the 
determination be known in advance or not. The instructor, at his 
own conveniently situated desk, gathers the students around him 
and runs rapidly through the notes, calling attention to the general 
procedure and giving such brief explanations as appear advisable for 
intelligent work, but no extended considerations of reactions or theory, 
these being reserved for a subsc(iuent lecture. Now, with a previously 
W’cighed out portion of the sample, he goes through the first step, 
demonstrating the proper manipulation and calling attention to every 
detail. The students are then simt to their desks to duplicate wdiat 
they have just seen, but to proceed no further. When all have 
finished the first step, the second step is similarly demonstrated and 
duplicated, and so on to the end. The results attained are sur- 
prisingly accurate. While the students are working, the instructor 
goes among tliem^upervising, this being very easy as all the students 
are doing the same thing at nearly the same time. 

The step' method has succeeded Tvhere demonstration of the entire 
method at once has failed. With the step method the student tries 
a thing before he forgets it, and the trial then fixes it in his memory. 
He quickly learns 'to observe and to manipulate correctly. Ilis success 
develops an intelligent interest in his work and his mind becomes 
trained to logical thought. • 

At the ‘next lecture period all necessary explanations relative to 
theory, reactions and calculations are given in detail. This has proven 

» Method developed by Dr. A. H. Dew, Colorado School of Mines. 
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to be better than giving the leeture before tlie la}>oratory period, as 
the student recognizes and belter visualizes the various de'tails of 
the analysis as they are referred to and liis interest is less liable to 
fag. Students beginning a quantitative course are presumed to possess 
sufficient chemical knowledge t^ enable them to work intelligently* in 
the laboratory with only the brief preliminary exjilanations given at 
the time, coupled with the demonstrations of the instructor. 

As proficiency in manipulation, observation and logical thought 
is attained, the above procedure is varied by tke omission of the 
demonstration of familiar st(‘j)s, until, finally, the notes alone are 
all that the student requires, riiknowns are substituted for knowns 
at any time the instructor deems advisabh*. 

Illustration. Manganese in Ores, Oxalic Acid Method ^ 

1. 0.5 gram of ore in S-oz. coiiper fla-sk. With oxides, add 
10 CO. of HCU and heat gentlv. With sulphides or mixed ores, fol- 
low the H(d shortly with 5 <• of nitric acid. Heat gently until 
decomposition is com])letc, tlien add 5 cc. of HoS()4 and heat ovei* 
a free flame almost to drvnoss. Allow to cool, add about 100 cc. 
of water, heat to boiling and then allow' to stand, hot, shaking oc- 
casionally, until any anhydrous ferric sulphate has dissolved. 

2. Add 1 or 2 grams of zinc oxide (fine, not lunqir) and heat 
to boiling. Remove from heat and eontinue to add zinc oxide in 
small portions, wdiile shaking, until all iron is jina-ijiitatcd and a 
moderate amount of zinc oxide remains in the bfUtom of the flask. 
Heat to boiling (liable to foam) and then filter tbrougli an 11 cm. 
filter having a small wad of welted absorbent cotton in the apex. 
Wash ten tunes with hot. w'ater, receiving the filtrate in a 500 cc. 
beaker. If any lead is liable to he present, add 2 cc. of saturated 
KaCr^Ov solution before boiling. 

3. Add to the filtrate 3 4 grams of sodium acetate, or about 
5 cc. of a saturated solution, and 25 cc. of saturated bromine water. 
Heat to boiling and boil several minutes. If bromine vapors do not 
appear above the liquid in the covered beaker, add* more bromine 
walcr until they do. This shows the necessary excess. Now filter 
through an 11 cm. filter and w'ash ten times with^hot *w'ater. Any 
MnO'i adhering to the beaker is simiily washed chain and left there. 
It will be recovered later. The filtrate should be clear. 

4. Place the filter containing the waished ])recipitate back in 
the beaker and run in from a burette what is •judged; to be an 
excess of standard oxalic acid solution. I cc. of this titrates about 

► 1% of Mn, on the basis of^O.5 gram of ore taken. Now add about 
50 cc. of l:10H.rSO4, heat to boiling and then allow to simmer 
gently (to avoid shredding the filter) with occasional stirring, until 

^ Mn02 reduced to MnO bv H2C2O4 — hence Mn = O — 1 cc ft/10 reagent 
= 0.00275 g. Mn. 



METALLURGICAL ANALYSIS 


73 


the precipitate has completely dissolved, adding more of the standard 
oxalic if necessary, hut avoiding a large excess. Note the total 
amount used. 

5. Dilute the hot solution with about 200 cc. of hot water and 
titrate to a faint ])crmanent pink tingft with standard potassium per- 
manganate solution, remembering that the filter paper will slowly 
destroy the pink tinge after the end-point is reached. 

6, Multiply the (‘(‘. of permanganate used by the factor to 
convert it to its value in cc. of the oxalic acid employed. Deduct 
this from the t,otal cc. of oxalic acid used and multiply the remainder 
by the percentage value of 1 cc. of the oxalic acid in Mn. 

Keeping of Note Rooh. — Insist upon the use of note books for 
recording all weighings, lesults of titrations, and calculations. The 
use of loose scraps of paper for recording results and for making 
calculations encourages “ sloppy ” work and should be prohibited. 




PART II 


ANALYTICAL METHODS 
ALUMINUM* 


Al, at.wt. 27.1; sp.gr. 2.68; m.p. 658.7''C.; b.p. 2200° C.; oxide, AlA. 


Aluniinurn is (l(‘lormiii( 5 (l in ;i Rirat variety of siibstancos, in ores, 
(•ein(!nts, ])las 1 er, (‘t'raniic materials, in which it is generally reported 
as AUO.i. It is determined in aliiminnm salts, in the control of proc- 
esses in the mamifaeture of aluminnin products; in aluminum metal 
and its alloys,*'^ in which it is rciporled as metallic aluminum. 

OCCURRENCE 

Aluminum occurs only combined in nature. It is the most abun- 
dant of the metals, composing nearly of the earth’s crust. It is an 
essential substance of practically all of the siliceous rocks, the feldspars, 
zeolites, chlorides, micas, mica schists, granites, pori)hyry, slate, clay, 
obsidian (pumice stone), tourmalin, etc. 

Minerals. “ The more important of th(j minerals are the following: 

Bauxite, AbOa.^IIjO, a mineral of commercial importance, with fine 
grained or si)onge-liko to clay-like mass; white color if pure but more 
often colored by iron a yellow to red depending upon the amount of 
iron present; lustre dull or earthy; streak the same as the color of 
the mineral; opacpie; brittle; hardness l-o. 

Cryolite, Na^AlTfi; vitreous lustre; transparent to ' translucent; 
colorless, wdiiie ofS>brown; white streak; brittle; hardness 2.5. 

Corundum, sapphire, ruby, emery, AI2O3. Vitreous to adaman- 
tine lustre transparent to opaque; blue, red, green, yellow, black, 
brown or white; brittle to tough; hardness 9 . 

'Other Tfiinm\%— Spmel, MgO.AhOs; Dim^porc, AI2O3.H2O; Oih- 
site, Cynniie, Ah^SiOo; Topaz, (Ai(F,()n))2Ri04; Anda- 

hmte, AhiSiOs; BiUimanite, AbSiOs; Btaurolite, (Al()) 4 (A 10 PT)Fe 
(SiO^o; Kaolinitc, H4Al2Si?()9; PyrophyM<^, IT2AI2 (SiO^O-i; Wavellile, * 
4AlP04.2AK0H)3llHi!0; Turquoh^ (’u0.3Al2( >3.21^05.91120; Aluniie, 
K2Al6(OH)i2(S04)4; Crysobcryl, BCO.AI2O3. 

^ Also spelled Aluminium. Suggestioiv? for exjicrimcntal work, page 76. 

* Ferro-aluminum. Substances in alloys Si, Ain, S, P, C, Cu, Na, Fj 
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DETECTION 

General Procedure. — The sample is brought into solution. Silica 
is removed by taking the solution to dryness, boiling the residue 
with hydrochloric acid and filtering. The mombers of the hydrogen 
sulphide group are reinove<l as usual wdth HaS, the filtrate boiled to 
expel the excess of II vS, iron oxidized with nitric acid, and aluminum, 
iron and chromium ])reci])itated as liydroxidcs l)y addition of ammo- 
nium hydroxide in i)resence of ammonium chloride. On treating the 
precipitate with sodium j)eroxide, aluminum and chromium hydroxides 
dissolve, whereas feme hydroxide icinains insoluble. Aluminum 
hydroxide is prccitiitatod by acidifying llu; alkaline solution with hy- 
drochloric or nitric acid, and neutralizing with ammonia; chromium 
remains in solution. 

Cobalt Nitrate Test. — The white gelalinous precipitate of aluminum 
hydroxide may be coidirmed by adding a droj) of cobalt nitrate solu- 
tion and burning the filter. The residue will be colored blue by the 
resulting aluminum cobalt comjxuind. 

Sodium Thiosulphate Test. — Na2S20j, added to a neutral or 
slightly acid solution, containing aluminum, precipitates aluminum 
hydroxide, upon boiling the solution. Sodium sulphite, or ammonium 
chloride added in large excess, will also cause this precipitation. 

Alizarin S. Test. — The reagent used is a O.l'^o liltcred solution of 
commercial alizarin S, the sodium salt of alizarin monosulphonic acid 
(yellow with acids, purple wdth alkalies). 

To 5 cc. of the neutral or acid solution under examination is added 
1 cc. of the reagent, and then amnionia until the solution is alkaline, 
as shown by the purple color. The solution is boiled for a few mo- 
ments, allow'cd to cool, and then acidified with dilute acetic acid, 
when red coloration or prccijiitatc remaining is contdusive evidence of 
the presence of aluminum. TJic red calcium, strontium, barium, zinc 
and magnesium salts, and salts of other metals later than Group II 
are readily soluble in cold dilute acetic acid, and do not iiiterfer6 with 
the coloration. 

Phosphates or chromium do not interfere and comparatively large 
amounts of iron may be present (O.OOJl milligram in presence of 1 
milligram ferric iron, 10 milligrams chromium salt). In, presence of 
greater quantities of iron citric acid is added to keep this in solution. 
One part of aluminum may be detected in 10 million parts of water. 

SUGGESTIONS FOR EXPERIMENTAL WORK 

Aluminum is generally 'determined gravinictrically. The amateur 
is advised to start with an aluminum salt with known composition, 
such as potash alum, Al2(S0,i)3.K2t^04.24Il20, containing 5,71 per 
cent of aluminum. In this case a 5 gram sample should b5 taken and 
the salt dissolved by addition of 150-200 cc. of hot distilled water 
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(Rolubility 5,2 g. per JOO cc. at 0° V. Readily Ksoluble in hot water) 
Since no interfering elements arc present the aliimiiium hydroxide 
may be precipitated immediately with ammonia according to tlie first 
of the gravimetric procedures, page 7S. 

•Following the practice with the water solubh' aliiiiiiniiin salt a 
more difficult comiiound may be iinderlakeii, such as bauxite. It 
will be necessary to effect decomposition by a i)roc(;diire given on 
page 78, preferably tlie General Procedure for Ores. Siu(‘e silica and 
iron are invariably present a separation must be effected as given under 
‘‘ Notes” page SO. Sliouhl a phosphate be present either a separation 
must be made or the aluminum precijiitated as a pliosphate by the 
second gravimetric method given on page 83. This method is gen- 
erally used in the gravimetric determination of alumina in presence 
of iron, and is ajijilicable to the determination of aluminum in iron 
and steel. It is ad\’isal)l(‘ to consult the notes on the determinatioii 
of aluminum given on page 80. 

Preparation and Solution of the Sample 

f 

Full details for pre])aration of the sample are given on the following 
page under the gravimetric method for determining aluminum so that a 
lireliminary surv(\v of t,h(‘ sulijeet is deemed unnecessary here. See also 
§ 28 in the chapter “Introduction”. 

Separations. Sec “Notes” jiagi' SO. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION 
OF ALUMINUM 

There are two general proiodures for the gravimetric determfca- 
tion of aluminum: A. Direct determination, when it is possible to 
precipitate the hydroxide or phosphate of the element free from im- 
purities. B. Indirect determination, when the element is precipitated 
and weighed along with iron, the latter then being determineil by ti- 
tration and th(^ aluininuni estimated by dilfercuiee. 

DETERMINATION BY HYDROLYSIS OF AN ALUMINUM 
SALT WITH NH4OH 

Principle. — The method depends upon the hydrolysis of a soluble 
salt of aluminum by neutralizing the free and combined acid with 
ammonia. This hy(irolysis takes jilaee in th(5 jircsence of ammonium 
chloride, which jireveuils u'le ])recipdation of magnesium hydroxide by 
NII4OH, the common ion NII4 rei)ressing the ionization of the base 
NH4OH. (See Notes) The <liree< determination of aluminum by 
this procedure excludes tlui presence of the elements undergoing hy- 
drolysis with similar conditions. Iron, (diromium, titanium, zirconium, 
thallium, cerium, interfere. In their jiresence a sei)araWon must be 
made. 

Reaction. — AlCl;, 4 3Nn40TI = Al(()ll)a 4 dNILCU. 

If phosphoric acid is present in the solution aluminum will be 
precipitated as the phosiihate, Air()4. • 

Reagents. — Ammonium hydroxide, ammonium chloride, hydro- 
chloric acid, ammonium nitrate solution (20 cc. UNO.} diluted and neni- 
tralized with N 114011 and then diluted to 1000 cc.). 

Procedure. 1 . Brcpnrntion of the Solution — In dissolving substances 
containing aluminum it will beixjcalled that tlie oxide, alumina, although 
ordinarily soluble in acids, is very difficult to dissolve if strop^^ly ig- 
nited, likewise alumina in certain combinations, with silica and po- 
tassium, in clays, etc., does not yield readily to acid treatment. Such 
compounds are best decomposed by fusion with sodpm j^rid potassium 
carbonates (see Introduction, § 8()) or acid potassium sulphate. The 
latter fusion may be conducted in “Low’s’’ pear-shaped* flask. 

Genml Procedure for Ore.^. Acid Treatm&nt. — One gram of the 
finely powdered ore is treated in a platinum dish with 5 cc. of epn- 
centrated sulphuric acid (if sulphides are present .?• cc. niln’ic acid are 
added) and about 20 cc, of hydrofluoric acid and the mixture evap- 
orated to small volume ofi**thc steam bath and then to sulphuric acid 
fumes on the hot plate or over a direct flame. (Hood.) Upon cooling, 
a little dilute hydrochloric acid is added and the mixture warmed. 

The solution is diluted with distilled water and filliered if any 
insoluble residue remains. 



J^KTALLUliGlC^AL ANALYSIS 


79 


If a residue remains, the paper and residue arc ignited in a plati- 
num dish, about 2 grams of acid potassium sulphate added and the 
material fused to a clear melt. This fusion may be conducted in a 
flask, if desired. In the latter case rotate the flask during cooling to 
spread the melt over its sides. The fusion is now dissolved by adding 
about 25 cc. of water, a few drops of sulphuric acid and gently heat- 
ing. All the alumina and iron will be in solution. Lead and barium, 
if present, will remain insoluble as sulphates and should be filtered 
off. The filtrate is added to the main solution. 

Removal of the Jlydrofjen Huiphide Group . — (Omit if these elements 
are known to be absent.) The free acid is neutralized with 
ammonia (iron and alumina just clouding the solution). Hydrochloric 
acid is now added till the preeijutate just dissolves and 5 cc. excess 
added. The solution is diluted to 300 cc. and HaS passed in until 
the solution is thoroughly saturated, 15 minutes of gassing should be 
sufficient. The inecipitatc is filtered off and washed with hydrogen 
sulphide water (a few drops of IKff being added to the water). 

Hydrogen sulphide is expelled from the filtrate by boiling. If 
iron and alumina arc to be determined together, nitric acid is now 
added in sufficient amount to oxidize the iron, the solution turning 
yellow. In the absence of chromium, titanium, uranium, glucinum, 
and phosphates (for separation from these, sec Notes), proceed as 
follows : * 

2. Add to the solution 10 cc. of 10% ammonium chloride and 
5 cc. cone, nitric acid. Dilute to about 150 to 200 cc. and heat to 
boiling. 

8. Cool slightly, add carbonate-free ammonium hydroxide slowly 
from a burette until a slight permanent precipitate forms, and then 
drop by drop until the solution reacts alkaline to litmus paper and 
the odor of ammonia is faintly perceptible. 

4. Allow' the precipitate to coagulate, kec])ing the solution w^arm 
(water bath or steam jdate) for 4-5 minutes. Add a few more drops 
of amuionia and heat nearly to boiling but do not boil. (Sec Notes.) 

5. Filter the hot solution through an 1 1 c.m. filter, transferring 
as little as possible of the precipitate to the filter. Wash three or 
four times b]^ dongntation, as it is difficult to wash the gelatinous 
compound on the filter. Now^ transfer to the filter and wash two or 
three times, using hot water. The wash water should contain a little 
ammonium nitrate solution. See Reagents. 

.6. The gelatinous precipitate of aluminum hydroxide is apt to 
absorb or occlude other substances if present in the solution. Unless 
these are knowm to be absent, dissolve the precipitate by placing the 
filter and its contents in a beaker. Add 2^ to 50 cc. of strong HCl. 
Heat gently, breaking up the filter by stirring w'ith a rod. The 
paper pulp assists in subsequent washing, and does no harm in the 
final ignition. Dilute with an equal volume of water and then add 
ammonia in slight excess. Boil gently for 2 or 3 minutes. Transfer 
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the hydrate and pulp to a filter and wash with hot water 

(containing NJI 4 NO 3 ) four or five times. 

Note. If much inanganose is i)reseiit, a repetition of the above pro- 
cedure is rt'corn mended. The third precipitation eliminati's appreciable qij[/ui- 
tities of iiTi])uritie.s commonly carried down by aluminum hydrate. Allowance 
for the ash in the three filters should be made. I'liis seldom exceeds 0.0004 
gram per filter. 

7. Pinch the top of the filter paper together and place in a weighed 
crucible, with the apex of the filter pointing up. 

8. Place the crucible over a hot plate for 4-5 Tninut(‘s, or in a 
sand bath iron tlish placed over a free flame. Then place th(‘. crucible 
over a free flame until the filter paper is consunual. 

9. Cover the crucible to [irevent mechanical loss, and ignite 
strongly over a Meker blast lamp or in an ('leclric ovmi (1800° P.) 
for about 30 minutes. Cool in a desiccator, then wtugh. 

10. Ignite again for about 5 minulcs and again weigh. The 
alumina must be ignilefi uieil its weight is constant. Water is held 
tenaciousl}'' by the conijiound, but a thirty minute ignition over a 
Meker burner or good blast lamp or m an oven at briglit. rod heat is 
sufficient to completely dehydrate the AbOj. 

11. The residue is usually reported as AloO.t. If ])refeiTed it may 
be calculated to aluminum by multiplying by 0.5303 oti to a com- 
pound of aluminum by using tlie appropriate conversion factor. 

NOTES 

Separation from Iron. Aluminum hydroxide is pre(ripitat(‘d by •the 
addition of sodium thiosulphate to its neutral or slightly acid solution, fol- 
lowed by sufficient NH 40 li to make the solution slightly ammoniat‘,al. Iron 
remains in solution. 

Phosphoric Acid. In presence of pho.sphorie acid, the phosphates of iron 
and alumina together with the phosphates of the otlu^r el(‘ments of the group 
and those of the alkaline earths will be jwecaiutated upon making the solu- 
tion alkaline with ammonia. Should iron and alumina be the only elements of 
these two groujis present in the solution, tliey mny bo jiriH'ipitated thgether 
as phosphates, iron determined by titration and calculated ,to the phosphate 
salt, and alumina obtained by difference. (Jccasionally, howevisr, it it neces- 
sary to remove jihosphoric a(;id. 

Removal of Phosphoric Acid. The material is fustxl with siliout six tirni's 
its weight of a mixture of 4 parts Na 2 C(h and 1 part SiO^ (silex), and the 
melt extracted with water contaimng ammonium carbonate. Iron and alu- 
minum remain on the filter, upon filtration, while sodium phosphate passes 
into solution. Both the precipitate and filtrate f^oritain silica. The precipi- 
tate of iron and alumina is dissolved in hydrochloric arid and tjiken to dry- 
ness, the residue dehydrated as usual, then treated with dilute hydrochloric 
acid and silica filtered off. The s<flution contains iron and aluminum in form 
of chlorides. • * 

Separation of Aluminum from Chromium. The solution is made strongly 
alkaline with sodium or potassium hydroxides and chromium 'oxidized by 
passing in chlorine gas or by adding bromine. The solution is now acidified 
with nitric acid and aluminum hydpxidc precipitated by additiifii of ammon- 
ium Ip^droxide, chromium remaining in solution as a chromate. 
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Instead of tho hydroxides and the halogen treatment oxidation of the 
chromium iriay b(‘, accomplished by adding soiliurn peroxide until the solution 
is strongly basic. "I'he solution is boiled to decom})oso the excess of peroxide 
and then acidified. 

Reparation of Aluminum from Manganese, Cobalt, Nickel, Zinc, the 
Alkaline Earths, and Alkalies. Alumina may be precipitated vfrith iron as 
the basic acetate free from Mn, Co, Ni, Zn, etc. (sec page 370), or it maybe 
thrown out as phosphate, see page 83. 

. In absence of phosphates, th(;s(‘ eltanents do not interfere in the determin- 
ation of aluminum by precipitation as the hydroxide, provided a double or 
tnsble precMpitation is made* as given m stc]) (> above 

Separation of Aluminum from Titanium. Di'iails of the proci'dure arc 
given under “ Titanium.” 

Separation of Aluminum from Uranium. Aluminum is precipitated as a 
carbonate in presence of a large* amount of ammonium salts by addition of 
a large excess of ammonium carbonate and ammonium suliihido, while uranium 
remains m solution as the eorniilex compound lT(b(( ' 0 .i).dNH 4 ) 4 - 

Separation from Glucinum. Alummum is soluble in the fi\(‘d alkalies 
and remains m solution on boiling; glucinum also dissolves, but is precipi- 
tated on boiling (jllucmum is soliibh* in an cxccs.s of ammonium carbonate, 
aluminum is not. 

For additional H(*parations see chapter on element in question. 

• Ammonia should be frei* from carbonates U[>on long standing with 
frequent exposure to air the ammonia takes uj) CO*, forming carbonate of 
ammonia. Freshly distilh'd ammonia will be ])ure, the carbonate being pre- 
cipitated by addition of lime in the distilling flask. Ammonia is best kept 
in a ceresiiie or jiaraffine bottle. It will then ri'inain free from silica, which 
it invariably c«ntain.s whe.n confined m glass bottles. 

Long heating of the mixture containing the aluminum precipitate is 
objectionable. 

1 . 'Phe solution is apt to become acid owing to the decomposition of 
ammonium suits and the volatilization of ammonia. 

'Phe precipitate will become slimy and will be, difficult to wash and 
filter. It is preferable to redissolve and again precipitate if this condition 
occurs. 

3. 'Pho GO -2 of the air is apt to be absorbed by tho solution, causing the 
precipitation of calcium carbonatt‘, etc., should the solution be exposed for 
any length of time. 

4. Silica from the beaker will contaminate the precifiitate. 

Hence it is advisable to filter as soon as possible after making the pre- 
cqhtatiyii of Al(OII)-,. 

* Washing the precipitate with ammonium nitrate prevents the aluminum 
from jiassing through the filter and keeps it from packing. It favors the 
formation of the insoluble hydrogel form of the hydrati* while iireveiitmg the 
formation of tlw soTSlble hydrosol. Ammonium chloride may be used in place 
of nitrate. ‘ 

Aluminum • hydroxide is soluble m acids and alkalies The ignited oxide, 
AloOa, is insoluble in acetic acid but is soluble in mineral acids and the fixed 
alkalies. It is rendered very difficultly soluble in acids by strong ignition, 
generally requiring fusion with sodium carbonate or potassium bisulphate 
with subsequent acid treatment to elTeet solution. 

AlaO;*, m.uK, 102 . 2 : spgi'., 3.73 to 3.99; m.p., 2020 ° C. 

A yellow or reddish preciiiitate indicates thq presence of iron, an element 
frequently present with aluminum. Should this* be the case, iron must be 
determined, either in a separate portion of the sample, or in the residue 
obtained by the procedure outlined. The amount of FoaO^ is subtracted from 
the total residue, and AI 2 O 3 obtained by difference. 

1 W. Blum, Jour. Am. (Ticrn. Soc., 38, 7, 1282, 191(>. C. F. Sidener and 
.Earl Pettijohii, Jour. Irid. Eng. Chein., 8 , 8 , 714, Aug., 1910. • 
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If phosphoric acid is i)roKent the phosphate of alumina will precipitate 
together with the phosphates of elements insoluble in alkaline solutions. 
Should phosphoric acid be present either its removal is essential, or the phos- 
phate method for alumina should bo followed. 

Fluorides hiiulor the' precipitation of aluminum ' ICvaporation to drvness 
and heating the residue to rednes# will transform fluorides to oxides and over- 
come this difficulty. 

Sulphates tend to hold up aluminum from precipitation and a c^Ttain 
amount of suljihuru; acid is occluded by the alurnmuni hydroxide preci|)itate. 
Magnesium is more apt f.o precipitate with alumina m presence of sulphates. 
Ammonium chloride greatJy lessens this difficulty. 

Traces of alumina may b(‘ recovered from the filtrate by evaporation to 
dryness, ignition and resolution ^vlth IlUl. The AKOIUa is now precipitaf^sd 
with NH 40 n. 

Since alumina absorbs moisture from the air, the cnicible containing 
this compound should be kejit (‘occred m a desiciiator until weighed. 

Ammonium hydroxide, in presenee of suffieKait NH 4 ('l, will not pr(M*ipitate 
Mg(()H )2 since the addition of NU 4 CI ineri'ases tli<‘ ammonium ions in the 
solution and, by the common ion effect, repressiss the hydroxyl ions of the 
base, NH 4 ()H, so thnt th(^r(• an* msuffichait hydroxyl ions for the solubility 
product of Mg(()U )2 to Ik* < xeeinled; therefore magiHVsiurri remains m solution. 
A discussion of the ihr*ory of .solubility jiroduet and law of mass action may 
be found in the author’s work on (Jiialitative Ghoinical Analysis, published 
by D. Van Nosti'and (Vmipaiiy, Reference is also made to Vol. I of Tlio 
lOlemcnts of Qualitative (’liiMnical Analysis, by Julius Siieglitz, published by 
the Century (/Oinpany. 

* E. P. Veiteb, Jour Am. Chem. Soe., 22, 210, 1900. W. U. Bloor, ibid., 
29, lOOd, 1907. L. P. Curtinau and H. I>ubin, ibid, 34, MS,"), 1912. 
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PRECIPITATION OF ALUMINUM AS A PHOSPHATE 

Principle. — This procedure, developed by Carnot,^ is of special 
value in determination of aluminum in presence of iron. It is founded 
on* the reaction that aluminum is precipitated as the neutral phos- 
phate, from a boiling solution faintly acid with acetic acid. Iron, re- 
duced to the ferrous condition by addition of sodium thiosulphate, 
Na 2 S 203 , does not interfere. 

Procedure. — Solution of the Sarnple. A sample of 10 grams of iron 
or steel, in a platinum dish, covered with a piece of platinum foil, is 
dissolved by addition of hydrochloric acid. The solution is diluted to 
about 100 cc. and filtered into a flask, the residue of carbon, silica, etc., 
is washed thoroughly and the fill rate is neutralized by addition of 
ammonium hydroxide and ammonium carbonate; no permanent pre- 
cipitate should form. 

Precipitation of Aluminum Phosphate. — A little vsodium thiosul- 
phate is added, and when the liquid, at first violet, becomes colorless, 
2 or 3 cc. of a saturated solution of sodium phosphate and 5 or 6 
grams of sodium acetate, dissolved in a little water, are added. The 
solution is boiled until free of sulphurous acid odor (about three- 
quarters of an hour). The solution is filtered off from the precipitated 
aluminum phosphate (mixed with a little silica and ferric phosphate) 
and washed* with boiling water. 

Purification of Aluminum Phosphate. — Tlie precipitate on the 
filter is treated with hot dilute hydrochloric acid, the filtrate caught 
in a platinum dish, and then evaporated to dryness and heated at 
ll(f* C. for an hour to d(‘h 5 ^drate silica. The residue is taken up with 
dilute hydrochloric acid and the solution filtered free of silica. Upon 
dilution to about 100 cc. with cold water, the solution is neutralized 
as before, a little tliiosulphate is added to the cold solution and then 
a mixture of 2 grams of sodium thiosulphate and 2 grams of sodium 
acetate. 

Tht*. material is boiled for half an hour or more, filtered, and the 
aluminum phosphate residue washed with hot water, then dried, 
ignited and weighed as aluminum phosphate. The residue contains 
22.19% Al. * % 

AIPO4 X 0.2219 = Al. AIPO4 X 0.4185 = AI2O3. 

Noth. Properties of AlPOi^ m. tr., 122.14; up. qr., 2.59; infusible, insoluble, 
in II 2 O and in llC 2 HjC) 2 , soluble in mineral acids and in alkalies; white, amorphous 
salt. i • 

1 A. Carnot, Moniteur Scientifique, 1891, p. 14. 
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INDUSTRIAL PRODUCTS AND RAW IV^ATERIALS 


COLORIMETRIC ESTIMATION OF MINUTE AMOUNTS OF 
ALUMINUM WITH ALIZARIN S. — ATACK’S METHOD ^ • 

Reagent. — 0.1% alizarin S. 

Procedure. — Tho ori^jiiial soluiion (5 to 20 cc.) is acidified with 
hydrochloric or sulpluiric acid. Ten cc. of glycerin and T) cc. of a 
0.1% solution (jf alizarin S are added, the solution made up to al.-out 
40 cc. with water (in presence of inucli iron or chromium, citric acid 
is added to form the double citrates) and then renderiul slightly am- 
moniacal. After standing for five minutes, the cold solution is acidi- 
fied with dilute acetic acid, the alizarin S acting as indicator (red 
coloration) until no further change in the coloration occurs. The 
liquid is then made uj) to 50 cc. and compared with a standard. 
Suitable amounts of aluminura for estimation are 0.005 to 0.05 milli- 
grams, the solution under examination b(‘ing suitalily diluted if 
necessary. 

BAUXITE ANALYSIS 2 


Characteristic bauxites. . HaO Sit >2 Fe 2 t>.i AbOi 'Pith 

Arkansas 6 4';, 1 411 S7 .S'o II 00';. 

Ceorgia 36' ;, 0-15 1-U 42-62 1 S-2 3 

Tennessee. ... . 27 0 IS 4 4.1 40 9 


Sampling. — The bauxite received in cars is sampled during the un- 
loading according to the stamlard procedure for ores. If the sample 
is a composite aliipiot parts of the total weights are taken and mixed, 
e.g., suppose three cars contained respectively 23,000, 32,500, and 20,340 
pounds, then the alnjiiots would be 23, 32.5 and 20.34 pounds, which 
mixed, would make a representative sample of the shipment. The 
ore is broken down, quartered, ground down and again <iuartercd. 
The moisture is iletorniiiied on 1000 grams, dried in the oven at 100° 
C. for one hour, the sanqile] being spread out on a sheet of inanilla 
paper. The dried sample is placed in a large bottle for analysis. 

Extraction of Ores of Aluminum for Their Commercial Valuation. — 
Twenty-five grains of bauxite, aluiiito or clay, pl£|pi"d in a GOO cc. 
Kjeldahl flask with reflux condenser arc digested for one hour with 
60 cc. 10 N (48%) sulphuric ac/nl. Time being taken when the mix 
begins to boil. The flame is so regulated that the water drips back 
into the flask from the condenser at the rate of 12 to 15 drops per 
minute. When the digestion is completed 150 cct.of hof water are 
introduced through the condenser. The mixture is now filtered using 
a Buchner funnel and suclion. The residue is waslied with six 100 cc. 


1 F. W. Atack, Jour. 8oc. Chem. Ind.; 34, 93G (1915); C. A. .9; 23; 31S6 

(IfllS)- 

2 Bauxite and kaolin ore two aource.s of alumina of com mere iaj[ importance. 
The alumina of certain grades of clay is made available for acid extraction by 
roasting at a definite temperature. 
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portions of water and the filtrate made up to 1 ()()() cc. A 200 ce. 
aliquot is made up to 1000 (u;. and 100 cc. of this taken for determina- 
tion of alumina as stat(‘d on next page. 

, Insoluble Residue. — The residue on the filter paper is ignited in 
a platinum dish over a low flame ifntil the i)aper chars, and then 
over a good Meker blast for 15 to 20 minutes. Residue X 4 = per 
cent insoluble residue. 

Soluble Alumina. — 100 cc. of the above solution (0.5 g.) is diluted 
with an eijual volume of water, 10 cc. of hydrocdiloric and 2 cc. of 
nitric acids added and the solution boiled. Iron and alumina are now 
determined. 

Soluble Iron. — 200 cc. of the solution (1.0 g.) is oxidized by 
adding a few crystals of potassium chlorate and tlu! solution taken to 
dryness. The residue is taken up with 10 to 15 cc. of concentrated 
hydrocliloric acid and again evaporated to dryness to expel chlorine, 
then taken up with 25 cc. of liydrochlonc a(‘id and the iron determined 
by titration. The stannous chloride mctliod is used for sariqdcs con- 
.taining less than 5^’o iron and the dichromatc method for ores con- 
taining over 

Silica. — 1 gram of the dried bauxite is digested in 00 cc. of an acid 
mixture containing 12 parts of dilute sulphuric acid, 1:3, together 
with 6 parts of strong hydrochloric aci<i and 2 parts of nitric by 
volume, to this are added 10 cc. of sulphuric acid. The mixture is 
heated until fumes are evolved, then diluted with water and filtered. 
The rcsidtie is ignited and the ash fused with potassium bisulphatc. 
The (U)oled fusion is taken up with 5 cc. sulphuric acid and 20 cc. of 
water and digested until only a white r(*sidu(j remains. This filtered 
off, washed and ignited = SiO-^. 

Titanium Oxide. — This is best determined coloriinetrically on a 
0.1 gram sample according to the procedure ouHiiied in the chapter on 
Titanium. 

Iron and Alumina. —These are determined by tlio usual procedure: 
— oxidation with potassium chlorate, preciintation with ammonium 
hydroxide and* ignition. Iron may be determined in a , separate sample 
(100 cc. - 0.5 g.) by titration. AhOa = dilTercnce between weighed 
oxides ajid after .subtracting TiO^ if present. 
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VOLUMETRIC DETERMINATION OF AVAILABLE ALUMINA IN 
BAUXITE AND CLAYS' 

This incthod is based on the solution of the sample in a known 
amount of sulphuric acid, and the titration of the excess acid with 
standard sodium hydroxide solution, and the alumina estimated fr 6 m 
the amount of acid used to combine with it. It has been proven with 
long practice that this method is accurate within 0.5%, and is v(iry 
satisfactory as a works control method. It is much more rapid than 
the regular gravimetric procedure. 

Take a five gram sample that has be(m ground to pass through a 
60-mesh sieve and put it into a 300 cc. Kjeldald flask with about 28 
to 30 grams of 40° B 6 sulphuric acid, which is weighed from a weighing 
burette. (This acid may l)e measured with a burette and the weight 
calculated if so desired with a reasonable chance of error introduced.) 
Digest this at a gentle boil for one hour, giving tlie flask an occasional 
shaking. Care must l)c taken that good condensation is effec.ted, 
otherwise a loss in acid will give high results. After the digestion * 
wash down the condeiiser and filter the insoluble residue off on a 
Buchner funnel with suction, washing the residue acid free. Make 
the filtrate up to 2000 cc. in a volumetric flask. To a 200 cc. aliquot 
add 20 cc. of KF reagent, and 1 cc. phenolphthalein indicator and 
titrate to a permanent pink with standard N /10 NaOH. 

Reagents. — The 40° acid must be made up very accurately and 
standardized against standard caustic. 

1000 grams of potassium fluoride are dissolved in 1200 cc. of hpt 
CO 2 free water, and then neutralized with IIF or KOll as may l)e 
necessary, using phenolphthalein indicator. Filter this solution and 
dilute to 2000 co. This solution should be kept in a wax-lined bottle. 

Take 20 cc. of KF reagent and add 5 cc. of N/2 NaOH and one 
cc. of phenolphthalein indicator, and titrate with N/2 H 2 SO 4 * Apply 
this correction to the titration of the sample. 

Calculations : 

(cc. N/10 H2SO4 - cc. N/10 NaOH) X ,3473 X 100 = % AI 2 O 3 + FcaOa 
weight of sample 1 ^'' ^ 

% FcoOa X .64 = FC 2 O 3 equivalent to Ald)^ which can be subtracted 
from the total oxides above, the result being the available alumina. 

' By Harold E. Martin. 
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ANALYSIS OF METALLIC ALUMINUM' 

, Determination of Silicon 

* 

Acid Mixture: 400 ce. cone, nitric acid. 1200 cc. cone, hydro- 
chloric acid. GOO cc. cone, sulphuric acid. 1800 
cc. water. 

Fusion Method. — Dissolve 1 of well mixed drillinRS in 35 

cc. of acid mixture using, a 4i-inch porcelain dish with a 5-inch cover 
glass. When the drillings arc completely dissolved, evaporate the 
solution not only to fuming liut to complete dryness, and hake. This 
insures the freedom of the solution from hydrochloric and nitric acids, 
and the complete dehydration of the silica. Take up the residue with 
10 cc. of 25 per cent sulfihuric acid and about 100 cc. of water; boil to 
complete solution of the sulphate, filter, wash well and ignite. Fuse 
the residue with eight to ten times its weight of sodium carbonate and 
take up the fused mass in a porcelain dish with sulphuric acid (1 : 1). 
Evaporate the resulting solution until copious fumes are evolved, 
which will cause the separation of the silica; dilute carefully, boil, 
filter, wash well and ignite in a platinum crucible and weigh. Treat 
the ash witli hydrofluoric acid and a few drops of suljihuric acid; 
carefully ignite and w(‘igh. The difference in the two weights obtained 
above represents the silicon as silica. 

Chilculate the silica to silicon by the factor 0.4693. 


Graphitic Silicon 

Aluminum, sometimes if not always, contains some silicon in the 
grayihitic state; this graphitic silicon does not oxidize to SiOa on 
ignition and is not volatile with HE, which two characteristics dis- 
tinguish it from amorphous .silicon. 

To determine graphitic silicon the mixture of Si and Si02 obtained 
as in the solution method is treated in a weighed platinum crucible 
with 2- 3 drop^of HiS ()4 and 2-3 cc. of HF. 

The brown residue of Si remaining is strongly ignited and weighed; 
the silicon* remaining is that which was in the metal in the graphitic 
state. 


Determination of Iron 

Permanganate Method. — Cool the fjtrate obtained from solutioa 
of the sample in acid mixture and reduce’ the iron present by passing 
the solution through a Jones reductor. Titrate immediately with a 

1 Stan&ard Method of Analysis of the Aluminum Company of America. 
By courtesy of Mr. E. Blough, Chief Chemist. ^ 
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solution of potassium permanganate of such strength that 1 cc, equals 
0.00 10 gram iron. 

In all cases the precautions given for use of the Jones redactor 
should bo f)bscrved, and explicit directions given in the chapter on 
Iron carefully followed. A blank dctiTini nation is made by carrying 
out a regular iron determination with the metal samjile omitted. 
The amount of potassium permanganate rc(|uircd to give the blank 
a distinct color is subtracted from the amount re(|uired to give the 
same color to each reduced solution. 

Determination of Aluminum in Iron and Steel — Sec Phosphate 
method for determining aluminum. 
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• ANTIMQNY ^ 

Sb, at.wt. 120.2 ; sp.gr. 6.62 ; m.p. 630° C. ; b.p. 1440° C. ; oxides, 
Sb20j« Sb‘ 204 , Sb^Og 

Aiiliinoiiy is (ioiormii)od in the cvfiluiiiion of its ores, in the analysis 
of drosses from the softening of lead, in alloys, notably type metal, 
bearing or aiitifri(;tion metals, pewter, hardened lead alloys etc. It 
is generally reijuired in the complete analysis of minerals of nickel, 
lead, copper, silver, in which antimony generally occurs as a sulphide. 
It is dotcrmiiied in the analysis of certain mordants, antimony salts, 
paint ])iginents, vulcanized rubber etc. It is looked for as an un- 
desirable impurity in certain food products. 

OCCURRENCE 

The clement occurs free and combined in nature. 

M mernlfi — Native Antimony frccpicntly alloyed with arsenic, iron 
or silver, is a brittle tin-white metal with fine granular, steel-like 
texture, or is lamellar or radiated; opaiiue; metallic lustre; streak 
tin-white; hardness d-d. 5. It fuses easily, giving off white fumes; it 
colors the flame pale greem. 

Stihnite, Sb^Ss — a lead-gray mineral of bright metallic lustre, 
oii may be black or with iridescent tarnish; imperfectly! crystallized 
long, neodlo-sha])e(l crystals, or granular to compact masses; opaejue; 
brittle; lead-gray streak; hardness 2; fuses readily. This is the chief 
source of antimony. 

Other minerals — Kermcmite (red antimony), Sb2?>20; Valentinite, 
Sb^Oj; AUemonite, SbAss,’ PbS, 81 ) 283 . Jameso 7 iite, Pb 2 Sb 2 S 6 . 

Bournontle,' PbCuSbSs. 


. DETECTION 

The po^dci^d mineral or alloy is dissolved in hydrochloric acid 
of aqua regia as the case may require. The folh)wing tests may be 
made on portions of the solution. 

The solution is made decidedly alkaline with .sodium hydroxide 
and saturated with hydrogen sulphide. The precipitate is filtered 
off and tfte solutron made acid with hydrochloric acid — a rod colored 
precipitate indicates antimony; arsenic and tin also, will precipitate. 
The sulphides are dissolved in strong hydrochloric acid, and heated tc^ 
expel The extract is diluted with water, and a rod of zinc and a 

platinum foil in contact with each other arc placed in the solution. 
If the pla/inum becomes coated with a dark film, antimony is present. 

^ Suggestions for experimental 'work arc given on pag(3 90. 
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Hydrogen Sulphide precipitates the orange-colored sulphide of 
antimony from fairly strong hydrochloric acid solutions (1 : 4) in 
which several members of the group remain dissolved. Arsenic is also 
precipitated. The latter may be removed by boiling the solution con- 
taining the trichloride, AsC'ls being volatile. * 

If antimony is already present as a sulphide, together with other 
elements of the hydrogen sulphide group, it may be dissolved cut 
by treating the precipitate with sodium hydroxide, or potassium 
hydroxide, or sodium sulphide, or ammonium polysulpliidc. Antimony 
sulphide is reprccipitatcd ui)on acidif^dng the filtrate. Arsenic and 
tin will also be precipitated with antimony if they arc present in the 
original precipitate. Should a sci)ara,tion bo necessary, the ])recij)itate 
is dissolved with hot concentrated h.ydrochloric acid, with the addition 
of crystals of potassium chlorate, Iroin time to lime, until the sulphides 
dissolve. The solution is placed in a Marsh ap])aratus, i)ure zinc 
added and the evolved gases passed into a nculral solution of silver 
nitrate. The black procijbnt' of silver aritimoiiido and metallic silver 
are filtered off, washed free of arsenous acid, and the antimonide dis- 
S(4vcd in strong hydrochloric acid (silver remains insoluble). The* 
orange-colored antimony sulphide may now^ be })recii)ilatcd by diluting 
the solution with water and passing in 11 -jS gas to saturation. 

Minerals which contain antimony, when heated alone or with 3 to 
4 parts of fusion mixture (KaGO., and Na 2 CO;j) on chafeoal, yield 
dense white fumes, a portion of the oxide remaining as a white in- 
crustation on the charcoal. A drop of ammonium sulphide i)laced 
upon this sublimate gives a deep orange stain. 

Hydrolysis. — Most of the inorganic antimony salts are decomposed 
by water, forming insoluble basic salts, which in turn break dow^n to 
the oxide of antimony and free acid. An excess of tartaric acid pre- 
vents this precipitation. 

Traces of Antimony. — Nascent hydrogen liberated by the action 
of zinc and hydrochloric or sul[)huric acid reacts upon antimony com- 
pounds with the formation of stibine. This gas produces a Ijlack 
stain on mercuric chloride or silver nitrate paper. Details of the 
procedure are given under the quantitative method fcTr determining 
minute amounts of antimony. ^ ^ 

Distinction between Antimonous and Antimonic Salts 

Chromates form with antimonous salts green chromic salts and 
antimonic salts. 

Potassiimi Iodide reduces antimonic salts, free icpdine bfing liber- 
ated. 

• SUGGESTIONS, FOR EXPERIMENTAL WORK 

Tor experience in the determination of antimony the student is 
advised to start with the determination of antimony in alloys as 
given on page 93. Following this determine antimony «n an ore 
according to the method given oft page 91. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION 
OF ANTIMONY 

^ The accuracy and rapidity of volumetric methods for the deter- 
mination of antimony leave little tc? be desired in the estimation of 
this element, so that the more tedious gravimetric methods are less 
frequently used and will not be included here. 

VOLUMETRIC METHODS FOR THE DETERMINATION , 
OF ANTIMONY 

DETERMINATION OF ANTIMONY IN ORES — PERMANGANATE 
METHOD 

Preparation and Solution of the Sample. — In dissolving the 
substance containing antimony it must be remembered that metallic 
antimony is practically insolui)le in cold dilute hydrochloric, nitric or 
sulphuric acid and the oxides, Sb 203 or Sb^O^, are precipitated in 
strong nitric acid. The element, however, is readily soluble in hy- 
drochloric acid containing an oxidizing agent, such as nitric acid, 
potassium chlorate, chlorine, bromine, etc. The oxides of antimony 
are soluble in hydrochloric acid and the caustic alkalies. The proce- 
dure for decomposition of ores is as follows: 

Half a grain to 1 gram of the finely ground ore, placed in the 
pear shaped “ Jiow’s ” llask is decomposed as follows: 

• Add 5 grams of acid potassium sulphate, J of a 20 cc. crucible full 
(free from chlorides), 5 cc. of sulphuric acid and a small piece of filter 
paper (this furnishes carbon for reduction of arsenic and antimony), 
and heat over a direct, flame until the solution becomes clear and a 
pale straw color. Tilt the flask at an angle of 30 degrees and expel 
the greater part of the acid. The flask may be held by a special 
holder or ‘crucible tongs and manipulated over the flame. Remove 
from the flame and rotate the flask allowing the melt to cool on the 
sides of the flask. 

Removal o^Arsenic. — To the cold melt add 25 cc. of water and 
warm gently until the cake breaks up, then add 50 cc. of strong 
hydrochloric acid, and allow to stand a few minutes until the material 
dissolves, shaking the mixture to assist solution. 

Pass in llS gas in a rapid stream until the solution is saturated 
and all t5he arsetne has precipitated. The precipitate should appear 
yellow. An orange color indicates antimony which precipitates if 
insufficient H(^l is present. The antimonjy, remains in solution. About» 
10 to 15 minutes should be sufficient. During the gassing i)rcparc a 
Witt plate filter with an inch and a quarter perforated plate in a 
funnel cc^vered by a filter, wet into position, with sufficient paper 
pulp to prevent leakage of precipitate. The funnel should be a 
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long stem funnel, preferably with loop lube. Moisten the filter with 
2 : 1 HC"1 solution. 

Now carefully pour the contents of the flask on life filter, avoiding 
stirring up the ])aj)er jmtp, and catching tlic filtrate in a 500 cc. 
beaker. Wash the flask and dejivcry tube with 2 : 1 IKU solution', 
pouring the solulion on the arsenic suljihidc; repeat this seven times 
with the cold FK1 mixture. Note the volume of the acid mixture 
containing the antimony chloride by placing a mark on tlie beaker 
receiving the filtrate*. (Arsenic may be determined in tlie jirecipitate 
As-^Ss.) 

• Dilute the acid extract with twice its volume using hot water, 
antimony sulphide will preciiiitate. Saturate the solution with H 2 S 
to completely luecifiitate the antimony, and filter through an 11 cm. 
filter. Wash the precii)itatc six tiui(‘s or more to remove chlorides, 
using HaS water, acidulated with 2-3 drops of sul[)huric acid. 

Place a clean “ flow’s ” flask under the funnel. Punch a hole 
through the filter and wa. li tne greater jiart of the sulphide into the 
flask, using as little water as possible. Dissolve* off the adhering sul- 
phide from the delivery tube and filter with a 5^,f. solution of sodium 
hydroxide, (Pitching the alkali solution in the flask containing the 
antimony. Use just a suffleuent amount to dissolve all of t-ln* sulphide. 

Add to the solution about 3 grams (J of a 20 cc. crucible) of an- 
hydrous sodium sul])hate and 10 cc. of strong sul[)huric acid. Boil 
down to small bulk over a free flame. By means of a holder manijiu- 
late the flask over the flame until the mass is reduced to a melt. 
Allow to cool rotating the flask to spread the melt over its sides. 

To the cold residue add 50 cc. of water and 10 cc. of strong HC^. 
Heat to boiling to expel HO-j. Add 10 cc. more of 11(3, cool under 
tap, dilute to 150 cc. with cold water and titrate with standard potas- 
sium permanganate to a faint pink color. 

Antimony is oxidized from Sb*‘* to Sb^ {8b 2 o 2 D) hence a O.l N 
solution is equivalent to 0.006 gram Sb, or the Fe value of the KMn ()4 
multiplied by 1.076 = the 8b value. 

Note. Under the conditions of acidity antimony is precipitated free 
from interfering elements. ' 

Separation of Antimony from Tin. — Upon the reitiovaFof arsenic, 
antimony may be determined directly in the presence of t;in one 
of the volumetric methods given later. If a gravimetric separation is 
desired, it may be made according to a modification of Clark’s method, 
which depends upon the fact that antimony is completely prfeipitated 
from a solution containing oxalic acid by hydrogen sulphide, whereas 
^in is not. The tin must be ijj the stannic form, otherwise the insoluble 
crystalline stannous oxalate* will form. 
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ANTIMONY IN ALLOYS 

PPTASSIUM BROMATE METHOD FOR DETERMINING ANTIMONY 

Outline. — This method is of special value in determining antimony 
in hard lead and alloys. The process is based upon the oxidation of 
antimony from the trivalcnt to tlie j)entavalent form by potassium 
bromate, the following reaction taking place: 

KBrOa + aSbCU + 6HC1 = 3SbCL + KBr + 3 H 2 O. 

Standard Solutions 

Antimony Chloride Solution. Six grams of the C.P. pulverized 
metal are dissolved in 500 cc. of concentrated hydrocliloric acid to- 
gether with 100 cc. of saturated bromine solution, more acid and 
bromine added if necessary to cllect solution. After expelling the 
tjromine by boiling, about 200 cc. of concentrated hydrochloric acid are 
added and the whole made up to one liter. Fifty cc. = 0.3 gram 
antimony. 

N//0 Fotomum Bromate Solution. 2.82 grams of C.P. salt are 
dissolved in waier and made up to 1 liter. Theoretically 2.7852 grams 
are required, but the salt invariably contains potassium bromide as 
an impurity. 1’hc solution is standardiz(‘d against 50 cc. of the an- 
timony (ddoride solution, which has been reduced with sodium sul- 
phite according to the standard scheme. One cc. of N/10KBrO3 = 
O.OOO gram Sb. 

Methyl Orange. 0.1 grain M. O. per 100 cc. of distilled water. 

Saturated Brmnine Solution. Hydrochloric acid saturated with 
bromine. 

Procedure. SolutL07i, One gram of the finely divided alloy is 
brushed into a 500 cc. beaker, 100 cc. of concentrated hydrochloric 
acid and 20 cc. of saturated bromine solution are added. The beaker 
is covered and ylact'.d on the steam bath until the metal dissolves. It 
may be necessary to add more bromine and acid to effect complete 
solution. Xn*ca^fe^the oxides of antimony and tin separate out and 
do not redissolve, fusion with sodium hydroxide may be necessary. 
Bromine is iiow exiiclled by boiling down to about 40 cc. 

Reduction. One hundred cc. of concentrated hydrochloric acid 
and 10 cc. ^)f a fre.i?h saturated solution of Na-iSO.} arc added and the 
solution boiled do\vn to 40 cc., on a sand bath, to expel arsenic and 
the excess of normal sodium sulphite. Samples high in arsenic may 
require a repetition of the reduction. * 

Titration. The cover and sides of the beaker aie rinsed down with 
20 cc. of hydrochloric acid (sp. gr. 1.2) followed by a few cc. of hot 
water and the solution heated to boiling on a sand bath. The standard 
bromate solution is now run into the hot solution of antimc^iy to 
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within 2 to 3 cc. of the end point, this liaving been determined in a 
preliminary run with methyl orange added in the beginning, 4 drops 
of methyl orange are added and the titration comi^letcd cautiously 
until the color of the indicator is destroyed. If iron or coppej is 
present the’ final product will lippcar yellow. Since the end-reaction 
is slow^ the last portion of the reagent should be added drop by drop 
with constant stirring. 

1 cc. N/10 KBrOj = 0.000 gram Sb. 

Notks. Sinr'o antimony chlondo begins to volatilize' at 105*^ and boils 
at 220° it is iidvisablc not to carry the coiieentration too fai while expelling 
arsenic. 

Lead, copper, zinc, tin, silver, chromium, and sul])huri(‘, acid have no 
effect upon the determination, but large quautitu's of calcium, mag- 
nesium, and ammonium salts tend to make the n'sults high. JjOW found 
that copper produced higli results, apjiroximalely 012 S' loo high for every 
OJ % of (topper ])res(‘nt. 'Fhe author (W.W.iS j finds, liowever, that with 
the procedure givitn above, amounts of (topper as high as LVV- produced 
no difficulty hi'yond a yellow coloration of the solution With larger 
amounts of eoiijxtr, the end-point Ixatame difficult to delect owing to the dept^ 
of this y('llow color, so tliat in (taso of brass and copper alloys, lh(‘ method 
must be modified bv a iiroeedure for removal ol tint copper. J>ead up to 
yri';?, caused no difficulty Iron, m amounts such ns are commonly met in 
alloys of lead, doi's not interfere. 

I)uring the coupmc of analysis jintimony rriav be isolat'd as the sulphide; 
this is dissolved in strong hydro(thlorie afid, and reducc'd and e(fiiceutrat(‘(l to 
expi'l arsenic that, may lx*, present as a contamination, and the resulting solu- 
tion titrated with potassium bromati' as direct, (‘d above 

Sources of lOrror (a) Imperfect volatilization of arsenic, (h) Incomplete 
expulsion of SOj. (c) Over- titration if insufliinent hydrochloric acid is pn^sent. 

No loss of antimony (X'curs at ti'inperat un's below 120° (3. • 

Potassium lodids Method for Antimony. See Standard Methods 
of Chemical Analysis by W. W. Scott. 

DETERMINATION OF ANTIMONY BY OXIDATION WITH 
IODINE 

The procedure originated by !Molir and modified by (Uark, depends 
upon the reaction Sb-jOa -f- 21 2 + 2 II 2 O = Sb-^Oo + 4 111! 

The reaction takes place when iodine is addedrf^o i\ solution of 
antiinonous salt in presence of an excess of alkali bicarbonate. In an 
acid solution oxidation wdlh iodine does not go beyond Sb 203 . The 
method is useful for dctermimiig antimony in alloys. 

Antimony in Solder Metal and Alloys with Tin and Lead 

1. Procedure. — DissoVA' 2 grams of the sample of alloy in concen- 
trated hydrochloric acid. 

2. When the metal is all in solution, add crystals of iodine until 
the solution is thoroughly permeated. The color at this i^int should 
be a deep purple. 
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3. Boil until all of the iodine fumes have been driven out. The 
metallic antimony which did not go into solution in the hydrochloric 
acid should now be all dissolved. If it is not, add more iodine until 
thq solution is complete. 

4. When all is in solution and the color changes to a straw yellow, 
cool, add a few cc. of starch solution. If a blue color appears, due to 
an excess of iodine, run in N/10 sodium Ihiosuliihato solution until 
colorless. In case there is no blue color devclo})ed, add N/IO iodine 
until a faint blue appears. 

5. Now add 50 cc. of a saturated solution of Rochelle salts. Make 
alkaline to litmus liy adding 25 % sodium hydrate solution. Then 
make slightly acid with H(3 and finally alkaline with sodium bicar- 
bonate. 

G. Cool and titrate with N/10 iodine. 

1 cc. N/10 I = 0.000 g. Sb. 

Note. “ The method gives vorj good results. I Iiave checked it up when 
there vviis one-tentli of a gram of known antimony ])rcs(mt and the results were 
within a reasonable limit of ju'curacy ^ 

^ Method communicated to author by Mr. H S ('lark. 
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DETERMINATION OF SMALL AMOUNTS OF ANTIMONY 

Outline of the Method. Preparation of Standard Stains. — Extreme 
care must be taken when preparing the standard stains. 

Wash the generator, see Fig. 43, thoroughly with distilled water, 
place freshly prepared lead acetate cotton in the bulb, 7i, No. 2, and 
see that the top of part E, No. 2, is exactly from the top of part 
A, No. 2. 

Now introduce into bottle of generator, No. 3, the required amount 
of antimony as desired and then add 50 cc. redistilled HCl, As free, 
2 cc. stannous chloride solution and make up 
to 220 cc. with distilled water. 

The disc of mercuric chloride test pajier 
is now placeil on top of funnel A, No. 2, and 
the glass cap. No. 4, is forced over the paper 
liolding it in |)lace. 

Now introduce 15 gins, metallic zinc shot 
and i)lace the No. 2 section with No. 1 
attached into the No. 3 or bottle of gener- 
ator. The aiqiaratus now being assembled, 
observe that the apparatus is fitted togetlier 
tightly, because as soon as the zinc is in- 
troduced, Stibinc, SblL, is generated immeili- 
ately. Place the generat-or into the wat<‘r 
bath to maintain constant teinpc'rature which 
should be about 70° F. Allow the generator 
to operate for 1 hour. 

The glass cap, No. 1, is now’ removed 
and the test paper is developed in a small 
beaker with NH4OH solution for three 
minutes, then washed 5 times with distilled 
water. The tost paper is now toned w’ith 
a 1 C() AuGhi solution by allowing the test 
paper to remain in solution for five minutes. 
The test paper will now have a violet or purple stain, the intensity 
depending on the amount of antimony introduced. ^ vVasli the paper 
5 times with distilled water and preserve in 50 cc. glass stoppered 
bottles containing about 5 cc. w’ater. Keep bottles in' dark place, 
because the stains darken on exposure to light. 

Duplicate tests are made, with a hydrochloric a^cid solution of the 
sample examined, according to the procedure outlined for the prepara- 
tion of the standard stains (omitting the addition of antimony). The 
stains are compared wdth -the standard stains and the amount of anti- 
mony thus determined. Arsenic should be aViscnt. If present in the 
sample it must be removed by distillation. See chapter on Arsenic. 

I’or further details con.sult Standard Methods of Chemical* Analysis by 
W. W* Scott, D. Van Nostrand Co., N. Y. 
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ARSENIC 

cryst. 6.73 860" C. subl. 664" C. 

As 4 at.wt. 74.96 ~ sp.gr. m.p. b.p. 

amorp. 4.72 <360" C. 

Oxides, AsaOj, AS 2 O 6 . ‘ 


Tlio (lotcrniinalion of arsenic is re(|iiire(l in Hie valinilioii of native 
arsenic, white arsenic and other arsenic minerals. The element is 
estimated in the analysis of eopj)er ores, in speiss, regulns, iron pre- 
cipitates (basic arsenic), paint pigments, Scheel’s green, in shot alloy 
and in many metals. It is estimated in germicides, disinfectants, and 
insecticides — J’aris green, lead arsenate, zinc arsenite, etc. Traces 
of arsenic occur as undesirable impurities in food products. 

OCCURRENCE 

Arsenic occurs free and combined in nature. 

Minerals. — Among tlie minerals of arsenic the following are of 
special imiiortance. ~ AV/bcc Arsenic, As. The element is frcipiently 
alloyed with antimony, bismuth, nickel, cobalt, iron, silver or gold. 
It i^s a tin-white metal, tarnishing almost black; opaciiie; brittle; 
granular fracture; tin-white streak; hardness ,‘1.5. Heated it vola- 
tilizes with white fumes without fusion, coloring the flame pale blue. 

Realgar, AS 2 S;, a soft orange-red mineral, with ri'sinous lustre; 
translucent to transparent; crystalline also massive; streak orange 
red; hardness 1.5-2. 

Orpiment; AsyS-i, lemon-yellow mineral with resinous or pearly 
lustre;’ translucent to opaque; cleavage in jilatcs or leaves, also gran- 
ular masses; streak Ictnon-ycllow ; hardness 1.5-2. 

Arsenopyritc, ToAsS, a silvery white to gray mineral with metallic 
lustre; coixi])act or in granular masses; opaque; brittle; grayish- 
black streak,; prismatic cleavage; hardness 5.5-6. 

White Arsenic, As^Oe, occurs native in fine hair-like crystals. 
Artificial in two forms — “ glass ” and “ powder.” 

'Suggestion for the Student. — For practice use arsenious oxide and follow 
proceilure on page 105. 
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DETECTION 

For ol)taininp; a solution for the tests see page 99. 

Hydrogen sulphide precipitates the yellow sulphide of arsenic, 
AS2S3, when passed into its solution made strongly acid with hyclro- 
chloric acid. If the solution contains more than 25 hydrochloric 
acid, (sp.gr. the other members of the hydrogen sulphide group 

do not interfere, as they are not i)recipilated from strong acid solu- 
tions by hydrogen sulphide. Arsenic sulphide is soluble in alkaline 
carbonates. (Antimony sulphide, SbaSa, reddish yellow, is insoluble 
in alkaline carbonates.) 

Volatility of the chloride, AsCL, is a means of separation and 
detection of arsenic. Details of the procedures arc given on page 100. 

Traces of arsenic may be detected by cither the Gut/cit or Marsh 
test for arsenic. Directions for the Gutzeit test arc given at the close 
of the volumetric procedures. 

Distinction between Arsenates and Arsenites. — Magnesia mixture 
precipitates white, MgNH4As04, when added to amnioniacal solutions 
containing arsenates, but it juoduces no precipitate wdth arsenites. , 

Red silver arsenate and yellow silv(u- arsenite are ])recipitat.od from 
neutral solutions by silver nitrate. An arsenate gives a yellow pre- 
cipitate with aminonium molybdate solution. 

Comparison of the Marsh Tests for Antimony and Arsenic. — 
Stibinc and arsine are formed by the reduction of compounds of the 
corresponding elements by nascent hydrogen ; both leave a deposit 
in the form of a black mirror on a cold white surface wdien the flames 
of the ignited gases iinjiinge against the cold body. The stain of 
arsenic, however, is sf)luble in a hypochlorite solution, while that of 
antimony is not. Arsine passed through a solution of AgNOs will 
reduce the compound, forming black flakes of metallic silver. Stibinc 
docs not reduce silver nitrate, but precipitates black silver antimonidc. 
The arsenic mirror, dissolved in a drop of IINO3 then evaporated to 
dryness and the residue moistened with a drop of silver nitrate, gives 
a brick-red color. Antimony remains colorless. Tlie spot dissolved 
in ammonium sulphide and evaporated to dryness yields a bright 
yellow residue. Antimony residue is orange-red. If arsine is con- 
ducted through a hard glass tube wdth a constrictioi(",^and ^his portion 
of the tube is heated, an arsenic mirror forms in advance of the flame. 
Stibine decomposes, depositing antimony immediately above the flame, 
since antimony is less volatile. 

Diy Tests. — The powdered mineral placed on charcoal and heated 
with the reducing flame by means of a blowpipe gives an odor of 
garlic. The arsenic coats the charcoal with a white incrustation, which 
is volatile in the oxidizinjJ flame. 

The mineral containing arsenic held on a thread of asbestos in a 
reducing flame tinges the flame white and makes a black deposit 
on a cold body held in the flame. If the stain is carefully heated 
to 200® C. it acquires a &ilvc;’y lustre. 
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METHODS OF ANALYSIS 
Preparation and Solution of the Sample 

Procedures for Examination of Industrial Products Containing 
Arsenic. — In dissolvirig arsenic compounds it will be recalled that the 
oxide, As 20 a, is not readily acted upon by dilute acids — hydrochloric or 
sulphuric. The compound is soluble, however, in alkaline hydroxides 
and carbonates. Nitric acid oxidizes As-jOs to the hiKher oxide, AsaOs, 
which is soluble in water. The sulphides AsoS.^ and AsoSg are prac- 
tically insoluble Iri hydrochloric or sulphuric acids, but are dissolved 
by the fixed alkjilics and alkali sulphides. All arscjutes, with the 
exception of the alkali arseuites, require acids to effect solution. 

Writes Ore and Arseno-pyrites. — The aiuount cjf the sainjile may 
vary from 1 to 20 grains, accordim; to tlie ars<‘nic content. The 
finely ground sample in a large casserole is oxidized by adding 10 
to TiO cc. of bromine solution (75 cc. KHr -f- 50 cc. liquid Br -f 450 cc, 
H/)) covering and allowing to stand for fifteen minutes, then 20 to 
50 c(^ of strong nitric acid are added in three or four portions, allowing 
the action to subside upon (‘a(;h addition. The glass cover is raised 
by means of riders, and the sample evaporated to dryness on the 
steam bath; 10 to 25 cc. of hydrochloric acid are now added and 
the sample s.gain taken to dryness. Again 10 to 25 cc. of hydro- 
chloric acid are added and the sample taken to dryness. Finally 
25 cc. of hydrochloric acid and 75 cc. of water are added, and the 
mixture digested over a low flame until all the gangue, except the 
silica, is dissolved. The solution is now examined for arsenic by dis- 
tillation of the arsenic afUT reduction, the distillate being titrated 
with standard iodine solution according to directions given later. 

Arsenous Oxide. — The sample maybe dissolved in caustic soda, 
the solution neutralized with hydrochloric acid, and the resulting 
sample titrated with iodine. 

Fusion Method. — One gram of the finely pow'derod mineral is fused 
in a nickel crucible with about 10 grams of a mixture of potassium 
carbonate and nitrate, 1:1, and the melt extracted with hot water. 
Two hundred cc. 'f a saturated solution of SOo is added to the fdtrate 
to reduce the arsenic, the excess of SO 2 then expelled by boiling, the 
solution diluted with dilute sulphuric acid, and arsenic determined 
in the filtrate. (See also Preliminary (Vmsider at ions," page 100.) 

Arsenic in Sulphuric Acid. — Amenoui^ acid may be titrated directly 
with iodine' in a 20- to 50-gram sample, which has been diluted to 
200 to 300 cc. witli water and nearly neutralized with ammonium 
hydroxide and then an excess of sodium a^id carbonate added, fol- 
lowed by the iodine titration. 

Lead Arsenate. — Ten grams of the thoroughly mixed paste or 
5 grams of the powder are dissolved by treating with 25 cc. of 10% 
hot sodium hydroxide solution, and diluted to 250 cc. An aliquot 
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part, 50 cc. (=2 grains paste and 1 gram powder) is jdaced in an 
Krleiiincycr flask and 20 ec. of dilute sulphuric acid, 1:1, added, and 
the solution diluted 1o 150 cc. About 3 grams of solid jiotjissium 
iodide are added and the solution boiled tlown to about 50 cc. (but 
not to fumes). The iKpior ivill b(; c,olor(‘d yi^llow by fre(‘ ioWinc. 
Tenth normal so<hum llin>sulj)hate is ad<l(‘d ilrop by dro]) until tlie 
free iodine is neutralized (solulion loses its yellow color); it is now 
diluted to about 250 cc. and the free acnl ncutrahzetd by ammonium' 
hydroxide (methyl orange indicator), then mad(‘ slightly acid \^ith 
dilute sulphuric acid, and an excess of bicarbonate of soda added. 
The arsenic is titrated with standard iotliiie. 

The arsenic may f)e reducial by iilacing the 50-cc samjile in 
a Kjeldahl flask, adding 25 cc. of siroiig sulphuric acid M N4 sp.gr), 
I gram taUaric acid and 2 grams acid potassium suljihate, K 1 - 1 S() 4 , 
and digesting over a strong flame until the organic matt-t'r is destroyed 
and the solution is a jiah* v'llow color. The cooh'd acid is diluted 
and neutralized, <dc., as directeii above. 

Preliminary Considerations. -- As in th(‘ ca.s(' of antimony, the 
accuracj^ and rapidity of the volumcdric metliods for the determinatidn 
of arsenic make tliese generally jireferahle to tlie more tedious gravi- 
metric methods. Arsimie Ix'anng ores may he brought into solution hv 
decomposing in a pyrox glass flask (Low’s flask) by fusion with sodium 
sulphate, adding 4 grams of the anhydrous salt and about (> cc. sul- 
phuric acid per 0.5 gram sample, and a small jiii'ce of filt er pa pm' to 
reduce the arsenic, eonduetiiig the fusion over a free flaim* until most 
of the free acid is expelled. The melt spread over the sides of live flask 
is cooled and brought into solution witli water. Arsenic is now isolated 
either by distillation according to the method following or by precipi- 
tation as arsenic sulphide in a hydrochloric acid solution containing 
approximately 2(1 free H(4 (sp. gr 1 155) or 2 parts HC4 (s]). gr. 1 2) 
to 1 part of water. The other elements remain in solution in a Inxlro- 
ehloric acid solution of this strength. 
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Isolation of Arsenic by Distillation as Arsenous Chloride 

By this method arsenic may be separated from antimony, tin, and 
from other heavy metals. It is of special value in the direct dctermin- 
atidh of arsenic in iron ores, coi)per ores, and like products and has 
a wide application. The procedure depends upon the volatility of 
arsenous chloride at temperatures lower than the other heavy metals. 
In a current of HCl gas, arsenous chloride begins to volatilize below 
108° C., and is actively volatile at 120° C.; antimony starts to 
volatilize at 125° C., but is not actively volatile until a temperature 
of 180° has been reached. The boiling-point of arsenous chloride, 
AsCla, is 130.2°; antimony trichloride, SbCL, is 223.5°; and that of 
stannous chloride, SnCL, is over 003°; other chlorides having still 
higher boiling-points. Tin in its higher form, SnCL, is readily volatile, 
boiling-point is 114° C., so that it is necessary to have it in its divalent 
form to effect a separation from arsenic. When heavy metals are 
present in the residue remaining from tlie arsenic distillate, or when 
zinc chloride is added to raise the boiling-point, antimony may also 
lie separated by distillation by carrying the solution to near dry- 
ness, adding concentrated IKU by means of a separatory funnel, drop 
by drop, during further distillation of the concentrate. Arsenic passes 
into the first portions of the distillate. 

Commercial hydrochloric acid invariably contains arsenic, so this 
must be purified by rcdistillation in presence of an oxidizing agent 
to oxidize the arsenic to the non-volatile arsenic pentachloride, AsCb, 
form, or by treatment with HzS and filtration. A blank run should 
be made on the reagents used, especially when traces of arsenic are 
to be determined. 
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Procedure. — If arsenic is present as arsenic chloride, as prepared 
in the method for solution of iron ores, the sample may be trans- 
ferred directly to the distillation flask by means- of concentrate , 
arsenic-free hydrochloric acid. If a preliminary separation of otlier 
metals has been made and arsenic is jircsent (along with aiitmi^ny 
and tin) as a sulphide, it is oxulized by addition of concentrated II Cl 
and sufficient jiotassium chlorate io cause solution and oxidation of 
free sulpliur, and the chlorate* decomposed by livaiioration to dryness; 
or if preferred, by cvajioratiou of the alkaline solution to dryness, 
oxidation wnth fuming nitric and re-evaporation to dryness to expel 

the nitric acid. The residue is 
taken up wnlh liydrochloric acid 
and washed into the flask W'ith 
strong hydrochloric acid as di- 
rected above. 

Distillation. — The sample, in a 
half-liter distilling flask (Fig. 44) 
is made up to about' 150 cc. wnth 
concentrated hydiocliloric acicl, 
and about 5 grams of cuprous 
chloride, ('u 2 Cfii>. are added. The 
apparatus is connected up as 
shown in the illustration, and 
arsenious chloride distilled from 
the solution aetcording to the 
method outlined under the illus- 
tration. 

Arsenic may be determined* in 
the distillates cither gravirnetri- 
cally or volumetrically. The vol- 
umetric priicedurcs for arsenic, 
ill tJiis isolated form, are generally 
to be preferred, since they are 
both rapid and accurate, • For 
amounts over ansenic, the 

iodine method is recommended, 
for smaller amcfuntsi arsenic in 



Knorr Arsenic Diatillatii 


Fio. 44. 

Apparatus. 

crude copper), precijiitation wdth silver nitrate and titration of the 
silver salt is best. Exceedingly small amounts are best’ determined 
by the Gutzeit method. 


The inlet funnel is filled about half full with hydrochlotic acid fsp. gr. 1.2) 
The outlet of the condenser tube is caused to dip just beneath the surface of 
100 cc. of distilled water, containing a lump of ice. The .solution in the distilla- 
tion flask is heated to boilir< concentrated hydrochloric acid is introduced 
through the funnel drop by drop at the rate sufficient to replace the evapo- 
ration. AU the arsenic usually distils over in half an hour. At this time the 
beaker holcTmg the condensate is replaced by another with 100 cc. of water 
And the distillation continued about ^15 minutes. Test this distillUe to ascer- 
tain whether any arsenic is present. 
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Separation of Arsenic from Antimony and Tin by Precipitation 
as Sulphide in a Strong Hydrochloric Acid Solution 

^ This procedure for isolation of arsenic depends upon the insolubility 
of the sulphide of arsenic in strong "hydrochloric acid, ^Vhereas that 
of antimony dissolves. The sulphide of tin is also soluble. 

Procedure. — The metals present in their lower conditions of 
oxidation are precipitated as sulphides in presence of dilute hydro- 
chloric acid (5% solution) to free them from subsequent groups (Fe, 
Al, Ca, etc.). The soluble members of the hydrogen sulphide group 
are now dissolved and separated from copper, lead, etc., by caustic 
as follows: The greater part of the washed precipitate is transferred 
to a small casserole, that remaining on the filter paper is dissolved 
off by adding to it a little hot dilute potash solution, catching the 
filtrate in the casserole. About 5 grams weight of solid potassium 
hydroxide or sodium hydroxide is added to the precipitate. Arsenic, 
antimony, and tin sulphides dissolve. The solution is filtered if a 
.residue remains, and the filter washed. This i)relimiiiary treatment 
is omitted if alkaline earths and alkalies are the only contaminating 
elements present-, or in case a separate solution is used for determining 
the other elements of the H 28 group. Acidification of the alkali extract 
will precipitate tin, antimony and arsenic, if the acidity does not 
exceed 2.5 % free llCl. The sulphides are filtered off and treated with 
hydrochloric acid (sp. gr. 1.135) made by diluting 2 volumes of strong 
HCl with one of water. Upon digesting on a hot water bath for a few 
minutes antimony and tin go into solution, while arsenic remains in- 
soluble. The solution is saturated with H 28 gas to insure the complete 
precipitation of arsenic and the sulphide filtered off, and washed with 
HCl (2:1 containing H 2 S). 

Optional Method.— [fydrogen sulphide gas is passed into a solu- 
tion of arsenic containing two parts of strong HCl to one of water. 
Arsenic alane will precipitate; antimony and tin, if present, will remain 
in solution. 

The sulphide may be dissolved in concentrated sulphuric acid by 
heating to sulphuric acid fumes and until the solution becomes clear. 
No arsenic* is %)st, provided the heating is not unduly prolonged. 
Fifteen to twenty-five minutes is generally sufficient to dissolve the 
sulphide and expel SO 2 , etc. The acid may bo neutralized with 
ammonia or caustic, made again barely acid and then alkaline with 
bicarbonaJ;.c of sq^a, and arsenous acid titrated with iodine. 
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GRAVIMETRIC METHOD FOR ARSENIC 

DETERMINATION OF ARSENIC AS MAGNESIUM 

PYROARSENATE ' 

The method worked out by Levol depends upon the precipitation 
of arsenic as MgNH 4 As 04 -GH 2 (), when magnesia mixture is added 
to an ammoniacal solution of the arsenate. Although 000 parts of 
water dissolve 1 part of the salt, it is practically insoluble in a 21 per 
cent ammonia solution, 1 part of the anhydrous salt requiring 24,558 
parts of the ammonia water according to Virgili. The compound 
loses 5| molecules of water at 102 ° C. and all of the water when 
strongly ignited, forming in prcsencv' of oxygen the stable magnesium 
pyroarsenate, Mg 2 As 207 , in which form arsenic is determined. 

Procedure. -The solution containing the arsenic, in the form of 
arsenate, and having a volume not exceeding 100 cc. per 0.1 gram 
arsenic present, is treated uith 5 cc. of concentrated hydrochloric 
acid, added, with constant stirring, drop by drop. 'Fen cc. of mag- 
nesia mixture are added (Reagent = 55 grams MgC'b + 70 grams 
NH4CI -{- 650 cc. H'iO and made up to 1000 cc. with NII4OH, sp.gr. 
0.96), for each 0.1 gram of arsenic present. Ammonia solution (sp.gr. 
0.96) is added from a burette, with stirring, until tlnj mixture is 
neutralized (a red color imparted to the solution in presence of 
phcriolphthalein indi(;ator), and then ammonia added in excess equal 
to one-third the volume of the neutralized solution. The precipitate 
is allowed to settle at least twelve hours and is then filtered into a 
weighed Gooch crucible and washed with 2.5 ammonia until tree 
from chloride. After draining as completely as tiossiblc by suction 
the precipitate is dried at 100 ° and then healed to a dull red heat 
(400 to 500° C.), preferably in an electric oA en, until free of ammonia. 
The temperature is then raised to a briglit red heat (800 to 900° 0.) 
for about ten minutes, the crucible then cooled in a desiccator and 
the residue weighed as MgaAs^^)?. • 

Factors, Mg 2 As 207 X 0.4827 = As, or X 0.6373 = AsaPs, or X 0.7403 
« AS 2 O 5 or X 0.7925 = As^Sa. 

Notes. In place of an electric furnace the Gooch crucible may be placed 
in a larger non-perf orated crucible, the bottom of the Gooch being 2-3 mm. 
above the bottom of the outer crucible. The product may now be heated in 
presence of a, current of oxygon passed through a perforation in the covering 
lid of the Gooch, or Rose crucible. ^ ^ 
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VOLUMETRIC. METHODS FOR THE DETERMINATION OF 

ARSENIC 

• OXIDATION OF THE ARSENOUS ACID WITH STANDARD 

IODINE 

This procedure is applicable for the determination of arsenic in 
acids, after reduction of arsenic to its arsenous form, for valuation of 
arsenic in the trioxidc, for determination of arsenic isolated by dis- 
tillation as arsenous chloride, for arsenic in arsenitcs and reduced 
arsenates in insecticides, etc. The method depends upon the reaction 
As'iOa 4- 2 H 2 O + 2 I 2 = AS 2 O 5 + 4HI. The liberated hydriodic acid 
is neutralized by sodium bicarbonate. The trace of excess iodine 
is detected by means of starch, a blue color being produced. 

Consult “ Preparation and Solution of the Sample ” for the special 
material tested and directions for isolation of arsenic by distillation 
(page 101) or by precipitation in a strong HCl solution as Ah A. 
Prepare the solution as directed and complete the determination as 
follows. 

Procedure. — If the solution is acid, it is neutralized by sodium or 
potassium hydroxide or carbonate (phenolphthalein indicator) then 
made slight\y acid. If the solution is alkaline, it is made slightly 
acid. Two to d grams of sodium bicarbonate are added together 
with starch indicator and the solution titrated with tenth normal 
iodine solution, the iodine being added cautiously from a burette 
until a permanent blue color develops. 

One cc. N/10 iodine = 0.00375 gram As, or 0.004948 gram As 2 ();i. 

1 

AssOa X 1.161C = AS 2 O 5 . As X 1.3201 = AsjOj or X 1.5336 = AsaOt 

AsjOa X 0.7575 = As. 
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POTASSIUM lODATE METHOD FOR DETERMINING ARSENIC ^ 

The method is specially applicable to determining arsenic in in- 
secticides. The reaction is repiesenied as follows: • 

AS2O3 + KIO3 + 2HC1 = AS2O, -h ICl + KCl + H2O. 

Procedure. — In determining total arsenic the sample is placed in 
a distilling bulb, connected to a condenser, strong liydrochlonc 
acid added together with cuprous chloride, and arseiiious chxloride 
distilled over into an Rrlenineycr flask according to the standard 
procedure. If arsenic is high, an ali(juot portion of the distillate is 
taken and the titration made wolli standard iodate solution. 

Jhor determining arseiiious oxide in Paris Green or other arsenite 
0.15 to 0.4 grams of tlie sample may be weighed directly into a glass- 
stoppered bottle (500 cc.) ""he titration made. 

Iodate Titration. ;i0 cc. of hydrochloric acid sp.gr. 1.19, 20 cc. 
of water and 6 cc. of chloroform arc added to the solid arsenite. If 
the arsenic is in solution, sufficient HGl should be i)resent to have 
the acidity between 11 and 20 per cent 11(4. (If this falls below 11% 
HCI hydrolysis of the iodine monochloride will take yflace. If over 
20% HGl the reaction proceeds very slowly.) Potassium iodate solu- 
tion is now added, rapidly at first, shaking the contents of the bottle. 
When the iodine that has been liberated during the first part of the 
titration has largely disappeared from the solution, the stopper of the 
bottle is inserted and the contents thoroughly shaken. The titration 
is now conducted cautiously, shaking thoroughly with each addition 
of the reagent. The titration is complet-e when after shaking and 
allowing to stand 5 minutes no color is observed in the chloroform. 

Reagent — Contains 3.244 g. of KIO3 (dried at 140° C.) per 1000 
cc. — 1 cc. = 0.003 g. AssOa. 

‘ Geo. S. Jamison, J. 1. K. C, 10, 290--292, 1918. ‘ 
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DETERMINATION OF ARSENIC IN ORES 

, PRECIPITATION OF ARSENIC AS SULPHIDE IN A STRONG 
HYDROCHLORIC ACID SOLUTION 

Details for isolation of arsenic as AS 2 S 3 thus separating it from 
other elements, including antimony and tin, are given in the chapter 
on Antimony. The ore (0.5 to 1.0 gram) is decomposed by fusion 
with acid sodium sulphate and sulphuric acid, the arsenic being re- 
duced by adding a small piece of filter paper. The cooled melt 
is dissolved in about 25 cc. of water and 50 cc. of strong IK'l and the 
arsenic precipitated as sulphide, AsjSs, by saturating the solution with 
H 2 S. Antimony and the other elements remain in solution. The 
sulphide is filtered off and washed tuith a 2:1 solution of HCl seven 
or eight times and then with II 2 S wa er to remove the chlorides. 

The sulphide is now dissolved with a 5*^0 solution of sodium 
hydroxide catching the solution in the flask in which the fusion was 
'made. Then the procedure is as follows : 

To the solution in the flask is added about 3 grams of sodium 
sulphate and 10 cc. of strong H 2 HO 4 and it is boiled to small bulk, then 
healed over free flame, precisely as in the original decomposition, 
until all free acid and free sulphur are expelled and a clear melt is 
obtained, which is allowed to cool. When cold, the melt is dissolved 
in 50 cc. of hot water and boiled a minute or two, to expel any pos- 
sible SO 2 , then again cooled under the tap to room temperature. 

• A few drops of phenolphthalein solution are added, the solution 
made slightly alkaline with sodium hydroxide, then re-acidified 
slightly with HCl. Finally, 3-4 grams, of sodium acid carbonate, 
are added cooling again if the solution is warm. The arsenic is now 
titrated with standard iodine solution to a permanent blue tinge, 
in presence of starch indicator. 

• One cc. N/lO iodine = 0.00375 gram arsenic. 
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DETERMINATION OF SMALL AMOUNTS .OF ARSENIC 

MODIFIED GUTZEIT METHOD* 

The following procedure furnishes a rapid and accurate method for 
determination of exceedingly small amounts of arsenic ranging from 
0,001 milligram to 0.5 milligram AsuO^. It is more sensitive and less 
tedious than the Marsh test. The details, given below with slight 
modifications, have been carefully workcid out in the laboratories of 
the (General (Miemi(;al (Uimpany and have jiroved exceedingly valuable 
in estimating small amounts t)f arsenic in acids, bases, salts, soluble 
arsenic in lead arsenate and zinc nrsenite and other insecticides, traces 
of arsenic in food jiroducts, baking powders, canned goods, etc. 

The method depends upon the evolution of arsine by the action of 
hydrogen on arsenic compounds under the catalytic action of zinc, 
the reaction taking place eiiher in alkaline or acid solutions. The 
evolved arsine reacts with mercuric chloride, funning a colored com- 
pound. From the length and intensity of the color stain the amount 
of arsenic is estimated by comparison with standard stains. 

Although the acidity of the sample and the amount of zinc shot 
should be kept within certain limits, the results are not affected by 
slight variation as was formerly thought. The physical characteristics 
of the zinc used rather than the surface exposed to acid action appears 
to have an effect on the evolution of arsine. The best results are 
obtained with zinc having a finely crystalline structure. 

Iron present in the solution tends to prevent evolution of stibine, 
but has no apparent effect on arsine generation. 

Stannous chloride is essential to the complete evolution of arsine, 
hence this reagent is added to the solution in which arsenic is de- 
termined. 

Antimony present in the solution in amounts less than 0.0001 
gram, does not interfere wdth the determination of arsenic. If a 
greater amount of antimony is present a separation of arsenic should 
bo made by distillation. The following modification* of the method 
given on page 101 is recommended. Air saturated vjpth HCl, by pass- 

^ The accuracy of the Gutzeit method is within 10 % of the truth. 

Evolution of arsine by the electrolytic method, in place of the method out- 
lined, provecl to be unreliable. The evolution of arsine is effected by the slight- 
est variation in conditions so it is extremely difficult 4o obtain concordknt 
results. 

Marsh Method. — In the Marnh test ar.sine is passed through a glass 
tube constrict(‘d to capillarity* By application of heat the arsine is decom- 
posed and metallic arsenic deposited. The lube is heated just before the 
capillary constriction so that arsenic deposits in the drawn out tube. Com- 
jiarison is made with standards, the length of the stain being governed by 
the amount of arsenic in the evolved gas. Slight variations iA the size of 
the capillary tube and rate of evolution make a notable variation in length 
of stain. 




Ar^senic Stmns Gutzeit Method 
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ing it througJi a gas wash bottle containing concentrated hydrochloric 
acid, is drawn througli the Ijoiling solution containing the sample in 
a saturated HCU solution, rciluchon of arsenic to arseiuous chloride 
having l)ccn ctTecicd with cuprous cliloridc as prescribed. The air 
swec]ls the arsine into the water in the. receiving flasks. It is advis- 
able to have two flasks connected in series. Gentle suction is applied 
at the receiving end of the train. The apparatus may be made in 
fairly compact form. 

Special Reagents. Standard Arsenic Solution. — One gram of 
resublimed arsenous acid, As-Oa, is dissolved in 25 cc. of 20 sodium 
hydroxide solution (arsenic-free) and neutralized with dilute sulphuric 
acid. This is diluted with fresh distilled water, to which JO cc. of 
HjS 04 lias been added, to a volume of JOOO cc. Ten cc. of this 
solution is again diluted to a liter with distilled water containing acid. 
Finally JOO cc. of the latter solution is diluted to a liter with distilled 
water containing acid. One cc. of the final solution contains 0.001 
milligram AsA).j. 

Standard Stains. — Two sets of stnins are made, one for the small 
apparatus for determining amounts of As-jOj ranging from 0.001 to 
0.02 milligram, and a second set for tlic larger-sized ajiparatus for 
determining 0.02 to 0.5 milligram As^Oa Stains nuade by AsA^a in 
the following amounts are eonvenient for the standard sets; e.g , small 
apparatus, 0 0(^1, 0.002, O.OOl, O.OOO, 0 01, 0 01.5, 0 02 milligram AS 2 O 3 . 
Large apparatus, 0 02, 0.0.5, 0.1, 0.2, 0.3, 0.4, 0..5 milligram Asdla. 

In making the stain the mpnsite amount of standard reagent, 
As/), 5 solution, is placed in the Gutzeit bottle with the amounts of 
reagejits prescribed for the regular tests and the run made exactly 
as i)rcscribo<i in the regular procedure. 

Preservation of the Stains. — The strips of .sensitized paper with 
the arsenic stain are dippeil in molten parathne (free from water), 
and mounted on a sheet of white paper, fo]de<l back to form a cylin- 
der. The tube is placed in a glass test-tube containing phosphorus 
pentoxide, whicli is then closed by a stopper. It is ini])ortant to keep 
•the stained strip dry, otherwise tlie stain soon fades, henei^ the paper 
on wliich the strfps are mounted and the glass test-tube, etc., must 
‘ be perfectly diw. 4t is advisable to keep the stamlard in a hydrometer 
case, while noCin use, as light will gradually fade the color. 

Sensitized .Mercuric Chloride (or Bromide) Paper. — 20 X 20 in. 
Swedish Filter Paper No. 0 is cut into four eijual scpiares. hor use 
in the large Gutzeit apparatus the paper is dipped into a 3.25% solu- 
tion ef mercifric ehldVide (mercuric bromide may be used in place of 
/'the chloride) or if it i.s to be used in the small Gutzeit apparatus it 
'is dipped into a 0.35 ''c mercuric chloride soUition. (3'he weaker the 
solution, the longer and less intense will be the stain.) The paper 
should be of uniform thickness, otherwise there will be an irregularity 
in length of s^ain for the .same ariiounls of arsenic. (The thicker the 
paper the shorter the .slain. The papot is hung up and dried in the 
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air, free from fiimoh, 1J.;S [k'hik jiarticuliiTly uiuiosirablo ) When 

dr}^ half an undi oi' th(‘ out(‘r is trimmed off (since this is apt 

to contain more of llie reaj^cnl), and the jiajier cat into strips. The 
])aper with more concentrated iefij»ent is cut into strijis 13 cm. by 
5 mm. and that with 0 5^^ ^nercmric chloiidi' into stnjis 7 crv. by 
4 inm. The pajicr is preserved in bottles with tjght-httinj^ stoppers. 



Fio. 45. Purification of Ilydrocliloric Acid. 

Standards should be made with each batch of impcr. Paper with a 
white deposit of IlgCh should not be used. 

Ferric Ammonium Alpm. — Kishty-four grams of the alum wiiii 
10 cc. of mixed acid is elissolved and made up to a liter. Ten cc. of 
this solution contains approximately 0.5 gram Fe^Oj. 

Lead Acetate. — One per cent solution with sufficient acetic acid 
to clear the solution. 
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Zinc. — Arsenic free zinc shot, size 0.18 to 0.8 inch. The zinc is 
treated with C. P,. hydrochloric acid, until tlie surface of Die zinc 
becomes clean and dull. It is then washed, and kept, in a casserole, 
covered with distilled watei, a clock-f;lass keoiung out the dust. 

Mixed Acid. —One volume of arst^iic-free Il 2 S ()4 is diluted with 
four volumes of ])ure water and to this are added 10 jirams of NaCl 
per (‘acli 100 e.e, of solution. 

Stannous Chloride. — Kighty grams of stannous chloride dis.>olved 
in 100 ec. of water containing 5 cc. of aisciuc-frec hydioehlorie acid 
(1.2 sp.gr.). 

Arsenic-free Hydrochloric Acid. — The commercial acid is treated 
with potassium clilorale to oxidize the aisenic to its higher form and 
the acid distilled. Tlie distilling aptiaratus may be arranged so that 
a eoiista.nt distillation takes place, acid from a large containc'r dropping 
slowdy lntc^ a letort containing potassium cldorale. fresh hydrochloric 
acid IxMug ,supj>hed as rapidly a^^ the arid distills. Se e Fig. 45. 

Lead Acetate Test Paper for Removal of HjS. — Large sheets of 
fjualilatue filter pajier are soaked in a dilute .solution of lead acetate 
and dnod. The paiiej- is cut into strijis 5 X 7 cm. 

Blaiik.s should be lun on all reagents used for this work. The 
reagents arc arscme-frec if no stain is produced on niei curie chloride 
fiapcr after fort 3 -fi\e minutes’ test. 

Special Apparatus. — The illustration, Fig. 10, shows the (lulzeit 
apparatus connected uj), ready for the test. The dnncnsion.s on the 
left-hand siile are f<»r the small a])])aratiib and those on the right for 
the large form. Lubber stojijiers connect the tubes to the bottle. 
The apjKiratus consists of a widc-month 2-oz. or K-oz. bottle aci'ording 
to whether the small or largo apparatus is dcv^ired, a glass tube (see 
Fig. 40) containing dry lead acetate paper and moi.st glass wmol for 
removal of traces of liydrogcn sulphide and a small-bore lube con- 
taining the strip of mercuric chloride ])a}jcr. 

• Preparation of the Sample for Determining Traces 
^ of Arsenic 

The initial tiroatment of the sample is of vital importance to the 
Gutzeit Method for detennining trace.s of ar.seuie. The following 
procedures cover tlie more iiniKutant materials or substances in which 
the chemist will bo called upon to detennino minute ainouiit.s of 
arsenic. 

^Traces of Arsenic in Acids. — The acid placed in the (Jutzidt appar- 
atus should be equivalent to 4.2 grams of sulphuric acid or 8.1 grams 
of hydrochloric acid and should contain 0.(V). to 0.1 gram Fe-iO?, eipiiv- 
alent. If large samiiles aie required for ol>taining the test it i.s ne(*es- 
sary either to expel a portion of the acid in order to obtain the above 
acidity or to make standard stains under similar conditions of acidity. 
It must be remembered that arsendus chloride is readily volatile, 
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whorcas the arsenie eliloridc" is not, heiiec it is neecssary to oxidize 
arsenic before allcrnydinf:; to expel acids. If nit rii* .acid or bromine or 
chlorine (chlorate) be added for this purpose, it must be expelled 
before atl (uniitiuj!; tlie (iulzc^it test. Nitric acid may be (‘xpollejl by 
adding sulpliuric acid and taknig to SO^ fume.s Free chlorine, brom- 
ine, or iodine will volatilize on wiirming the solution, (dilorim^ in a 
ehlorato is expelhal by taking the sample to near dryness in ])rosenf!e 
of free acid Snljilnirous acid or hvdrogen siiliihide, if luesent, should 
be expell(‘d by lioiliug 1h(‘ solutnui, then making faintly pink with 
KMnO.1 and des1 roving tlie exi^i^ss with a droj) nr so of oxalic acid 
S(>2 is reduced by zinc and hvdrogim to lljS, which fotins hlack HgS 
with incri'uiic (‘ldorid(‘, licnce r(‘mo\al of SO-, and fluS an' necessary 
before running t.hi* U‘st. 

Sulphuric Acid,— With amonnls of arsenit; t^xcei'diiig ().()()( lOo ' 
AS2O3, .5 to 10 grams of arid, according to its strenglli, ar(‘ taken for 
analysis and tlihitcd b K) or 20 ec If II^S or SO-j are iirt'siMil, expel 
by boiling for fifteen or twenty minn1(‘s. TrolongiMl iuiiung of strong 
acid should be avoidc'd liy previously diluting the acid witli suhicient 
water. In mix(‘d a(*id containing mtne acid (Ik' sample is taken to 
SOg fumes to expel mine a-cid 'I'lie pioceduK' given later for the 
regular ihdenni nation is now follow'(‘d. 

For estimating very minute anKHints of arsmiic, O.OOOOOo to 
0.00005 'h' As2(k^, it is necajssaiy to iak(‘ a 25- to 50-grani sanijde for 
analysis. The acid is ti rated as direct i‘d abov(‘ for riunoval of H2S 
or SOo or nitric acad and diluted in the (Jiitzeit apparatus to at least 
130 ee , using thf> large a|)})aratiis. Fjion the addition of iron and 
stannous chloride follow (hn'ctions in the proeedur(‘ deserilx'd on ))ag^ 1 13 
for larg(' (liitzoit test. The stains aie compared with standard stains 
produced by known amounts ol arsenic atlded to 50-graTn portions of 
arsenic-free sulphuric acid of strength eijual to tliat ot (lie sample, 
rho stains are longer and less intmise than those produced by less acid. 

Hydrochloric Acid. — '1 wenty cc is taken for jina^lysis.f^sp gr. being 
known); the sariijile sliould contain an acid eipiivalcnt of alifint. ikl 
grams of hydrochloric acid, ("hlonne is expelhxl ^ly biibliling air 
through llie acid beforti taking a sainphv The ])roc(Mhire is givmi for 
further treatment, of the sanpile following the seid.imi preparation 
of the sainjile. 

Nitric Acid. — One hundred cc. of the acid (sp.gr. Iicihg known) is 
evajioratt'd with 5 cc of comunit rated sulpliuric acid to S();i fumes, to 
expel nitrir acid. 7\rsoni(‘ is deierinined in the residue by ihc standard 
procedure. 

Phosphates, Phosphoric Acid. — .\rsenie, in phosphoric acid, com- 
bined or free, cannot b(^*d(‘1erniined in the usual w^ay, as P^Of, has 
a retarding effect upon the evolution of arsine, so that the results 
arc invariably low, small amounts of arsenic escaping detection. 
Arvscnic, how'cver, m.ay be volaljlized from ])hos])hates and phosphoric 
acid, ^ as arsenous chloride, AsCl.-,, in a current of hydrogen chloride 
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by heating to boiling. One gram or more of the i)hnNi)hate is placed 
in a small dishlling flask, eonneetc'd directly to a, (J-im coil condenser 
dipping into the (liitzeit bottle, containing ‘JO to 30 cc. of cold dis- 
tilleij water. A second boltl(‘ connect<‘d in senes may be attached 
for safeguarding loss (this seldom occuTs). J^lfty cc. of comauitrated 
liydroclnoric acid ai"(‘ jiddisl to lh(‘ sanijih^ and o grams ol cuprous 
chloride. Arsmiic is ilislilled into the <kitzeit hotth' by heating the 
solution to boiling and jiassing a cm rent, ol air through strong hydro- 
chloric acid into tlie distilling flask by ap])lyiug suction at the re- 
ceiving (uul of tlie system All of the arsenie will be found in the 
first 10 or l."j ec of the distillate. Arseme may now be evolved after 
addition of iron, st.annous chloride and ziiie, as direelcd in the ])ro- 
eediins 

Salts, Sodium Chloride, Magnesium Sulphate, etc. — One-gram 
samj)l(‘s ar(‘ taken and dissolved in a. little wati'r and an (‘(pmuiliuit 
of 4.J grams of sulphuric. a.eul added, d'lie solution of iron and stan- 
nous eliloride having been added, the run is madt' with 5 cc. of zinc 
sliot,, placetl in tlic (.uit/aat bottle 

PROCEDURE FOR MAKING THE TEST 

For amounts of arsiuiie yarving from 0 001 millignuu to 0.02 
milligram liic small aiiparatus is use<l The volume of tlie 

solution should b(‘ oO ee. It should eiuitain an e(piiyal(‘nti of 4.‘J 
grains sulphuric acid and shouhl have aliout O.l gram eiiuivaleiit of 
Le 2 fl« r(‘duced by O.o cc of stannous (ddorido solution Ai‘siii(‘, is 
gent'rati'd by adding one o-ee erueible of arseni(‘-fre(" zinc shot, i to 
1-inch m(;--lL Tmnperature 75 to SO" F. 

For amounts ranging from 0 02 to 0.5 milligram As^OaJ the large 
apparatus is u^ed. The volume of the solution should 1)0 about 200 cc. 
and should contain an eijutvalent of 1(S.5 grams of sulphuric acid 
and should Jnivi' 0.1 gram CfpliA^•llent of Fe-Oa, reduced by 0 5 cc. 
stannous (dilornh' solution. Arsine is generated liy adding one 12-ce. 
crucible of zinc, shot (J to J-ineh mesh.) The temjierature should he 
105" F. The sample taken should he of sueli size tJiat a stain is 
obtained eqn.#\ alLiit to that given by 0.1 to 0.5 milligram AnjOs. 

^ It is advMsabJe to us(’ sinailer .saniple.s ivhen the arscnii* conti’nt is over 
0 3 inilligi’Miii AsjOi. as the longer stains are unreliable. 

Ferrous iron prevents polarization between zinc and the acid and luai(;e 
aids in the (ivolulion^of arsine. 

‘-in the analy.sis irf baking powders, bauxite, sodium or similar salts, tlie dis- 
tillation nietliod is lecomnuauled. 

Hydrochloric acid is used m pla(!c of Milpluiiy acid m cases where complete 
solution by the latter acid cannot ho ('ffected. * 

Standards and samples should he run under .similar condi turns, teinpiTaturc, 
acidity, a, mount of zinc, voluinc ol .solution, et<* In jikice of zinc shot, zinc 
mds, culies or discs may b(' used for gciiorating ar.sirie and hydrogen. 
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Lead acetate paper is placed in llic lower i)(>rtiuii of tube B; the 
upper portion of B contains gj^ss wool moistened with lead acetate 
solution, the tube A contains the test strip of nu‘rcuric chloride 
pajier. See Fig, 40, Immediately upon adding the required ani/)Uiit 
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Sem x / Bern 
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j 8-07 Bottle 
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Tests of 
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Fiti. 40. Gutzeil Apparatus 
for Arsenic Dctcrinmation. 


of zinc to the solution in the bottles, the connected tubes, are put in 
position, as shown in the illustration, and the bottle gently sharltc.. 
and allowed to stand for one liour for the small ap{)aratus, forty 
niiuiitos for the hirg(\ The test paper is removed, dipped in molten 
paraffin and compared witii the standard stains. See Plate I. 


Entimutlon of Per cent. 


The milligram As.4)i stain X 100 
W eight of sample taken 


AS2O3. 



]\\ETALLUR(i I C \ L AN AL Vv^LS 


115 


BARIUM 

Ba, at.wt. 137.37; sp.gr. 3.78; m.p. 860" C.; volatile at 960® C.; 
oxides, BaO, BaO- 

The dotoniiiniition of litinum is rexjuiicd in tho VMlinitinn of its 
ores. licavv ^par, HaSOi; w it I ktiU*, Ha(XN; iKirylo t'ulcilo, 

J^a(H).t.('a( '().{. 11 IS <I(*torin]iu‘(l in (‘orljun v\liil(‘ jK'iiiils and 

colored ])ii»rnoii1s, Wneliaii, Ifnndnirft or DulrJj wJiilf's, r*J]ro!in‘ p.'Uiils, 
etc. In ainilysis of JXiri> fi^rcvn, h.Mryt.a insect icid(\^, fnitty, asphalt, 
dressings and iiaveineni surfacings. ](. may he lound as an adulterant 
in foods, wood prest'rx at n es, tilh^r in rubber, rope, fabrics It is de- 
termined in s!ilis of barium. The nitrate is used in pyrotechny, in 
mi.\tures for green tire 


OCCURRENCE 

Barium is found only eombinod in nature. 

Minerals.*— ddiose of eommereial import a nee are. 

Witherite, Ba(d>,{, white* or gra\ , transluei'nl iiuneral with vitreous 
lustre; granular or columnai ervstals resembling (juartz, white stri'ak, 
hardness d-4. 

Barite, BaSO-i, a heavy, white or light eolori'd mineral of vitreous 
or pearly lustre; traii.'.parent to opaiiuiy hiittle; v\ hite streak ; hard- 
ness 2.o-d.o. 


DETECTION 

Prejiare a solution for the (pialitative tests bv dissolving tho sample 
in hydrochloric acid. If this does not effect solution fuse the material 
t with pfTn I j inn-pot as, -.lurn carbonate mixture 1 1, exiraet the cooled 
fusion with hoU water and wash the ni,si(lii(‘ on a Idler thoroughly 
with water. (Reject the liltrate.) Dissolve the (*arbonale residue in 
dilute hydroctiionc acid ami lest this solution for barium, using sep- 
arate portions of the solution. 

Precipitation as Sulphate, Sulphuric Acid Test. — Barium sulphate 
is precipitated by addition of a soluble suljiliatii to a solution of a 
barium salt? The compound is extremely insoluble in whaler and in 
‘rditlle acids (.solubfe in h(U concentrated sulphuric acid). TJie sulphate 
• is readily distinguished from lead siiliihate by the fact that the latter 
is soluble in ammonium salts, whereas barium sulphate is practically 
insoluble. 

Precipitation as Carbonate. — Remove fircvious grouijs by saturating 
the wsoluiion with hydrogen sulphide, filtering off the siilphid(‘s of the 
second group (Hg, Pb, Cu, Bi, As, Sb, Sn etc.). Make the filtrate 
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lAASibe with ammonia and again filter off the members of ^ > 

(Fe, Mn, Al, Co, Ni, Cr, Zn etc.)* Acidify the 

acid, boil out H 2 B gas. ^ 

Banum is precipitated as Jhe carbonate together with strou^lljAhl* 
and ealcium by addition of ammomum hydroxide and atn^ 
Oavbonate to the filtrate of the ammonium sulphide group. ft fll 
separated from strontium and calcium by precipitation as 
barium chromate, BaCr 04 , from a slightly acetic acid solution. \ 
Siturated solutions of calcium or strontium sulphates precimtate 
white barium sulphate, BaS()4, from its chloride or nitrate or acetate 
solution, barium sulphate being the least soluble of the alkaline e^th 
sulphates. m ^ 

Soluble chromates precipitate yellow barium chromate from^^ts 
Sieutral or slightly acetic acid solution, insoluble m water, modera^ly 
soluble in chromic acid, soluble in hydrochloric or nitnc acid. 

iloosilicic acid, HjSiFe, precipitates white, tryst alline bariimnj 
Suorihcate, BaSiFc, sparingly soluble in acetic acid, insoluble in 
Alcohol. (The fluosilicates of calcium and strontium are soluble.) 

- Flame. — Barium compounds color the flame yellowish green, which 
Appears blue through green glass ^ 

Spectrum. — Three characteristic green bands (a, , y 

6^ chapter on Calcium for Rapid Preliminary Test showing 
SMlUm, Strontium and Calcium 

Suggestions for Students 

\ ^ carefullj'^ the sections on “ Detection of barium, ^‘Prcparajlion 

^ IM Sample” and “Separations” For lab()ratoi\ work deterxhi^ 
|Wi|lklum in a soluble barium salt such as barium chloride or nitipw 
i|f#Owing the directions given on page 123 


METHODS OF ANALYSIS 

Preparation and Solution of the Sample ^ 

^jC!^pounds of barium, with the exception of the*“sul|}hal0, 
jyi&luble in hydrochlonc and mtnc acids. The sulphate ii 
concentrated sulphuric acid, but is reprecipitated 
solution. The sulphate is best fused with sodium 
l^tranaposes the compound to barium carbonate; sodiun|^#Q$|p|(|^ , 
LAow be leached out with water and the residue, BaCOi, 

m hydrochloric acid. ^ ^ 

ution of Ores* Suij^hates. — 0.5 to 1 gram of the findlf 
bend with 3 to 5 gimns of sodlnip potAprium eatf 
Kia in » platinum dMw 

' irhe sndt w oooM uid thea 
^ Asa 



Emmissions-Spectra 


Solar 

SjpeetraiB 

/ Band \ 
VSpectram/ 

Oaj^n 

Hjdrogeo 


Indium 


Rubidium 


Caetlttin 


Potasflun 


Utbium 



Plate 




METALLimOICAL ANALYSIS tl7 

Barium in Insi^bla Reafdue* — In tJite enmplete analysis of ores 
the residue renuuniag insoluble in acids is composed largely of ‘ silica^ 
together with difficultly soluble substances, among wiiieh is barium 
sulphate. This residue is best fused in a platinum dish with sodium 
catbo^^te or a mixture of sodium and potassium carbonates (long 
fusion is not necessary). The cooled mass is digested with hot water 
to remove the soluble sodium compounds, silicate 'being intruded. 
Barium, together with the heavy metals, remains insoluble as car- 
bonate and may be filtered off. The residue is now treated with dilute 
ammonia water to remove the adhering sulphates (testing the filtrate 
with hydrochloric acid and barium chloride solution, the washing 
being complete when no white precipitate of barium sulphate forms). 
The carbonates are washed off the filter into a 500-cc. beaker, the 
clinging carbonate being dissolved by pouring a few cc. of dilute, 
1:1, hydrochloric acid on the paper placed in the funnel. This ex* 
tract is added to the precipitate in the beaker and the latter covered 
to prevent loss by spattering. Additional hydrochloric acid is cau- 
tiously added so that the precipitate completely dissolves and the 
solution contains about 10 oc. of free hydrochloric acid (sp.gr* L2). 
Barium is precipitated from this solution best as a sulphate acoor^ng 
to directions given later. 

Silicates.^ One gram of the finely pulverized sample is treated 
with 10 cc. of dilute sulphuric acid, 1:4, and 5 cc. of strong hy- 
drofluoric acid. The mixture, evaporated to small bulk on the steam 
bath, is taken to SOs fumes on the hot plate. Additional sulphtiric 
aci4 end hydrofluoric acid are used if required. By this treatment 
the silica is expelled and barium, together with other insolulfie SUL 
phates, will remain upon the filter when the residue is treated with^ 
water and filtered. Lead sulphate, if present, may be removed by 
washing the residue with a solution of ammonium acetate. Bariuni 
sulphate may be purified by fusion with potassium .carbonate as 
above direcni^ by dbsolving in hot concentrated sulphuric acid, 
md i^ecipitating again as BaS 04 by dilution. 

Su^hldea.-.-T^ ore is oxidized, as Erected for pyrites under the 
gbb|6ct of sulp^^. removal of the soluble sulphates, the 

riiridue, conlaimng riiioa, barium, and small amounts of iimtuble 
icddes, is luped and dissolved according to the procedure for sul^^^tla. 

Cazbonatea. — In absence of sulphates the material may be (bkolved 
with hydrochloric acid, taken to dryness to dehydrate silica and idtei 
haating for- an hour in the steam oven (110** =b) the residue is extractec 
<&ute hydrochloric acid and filtered. The filtrate is exattuiWK 
lor barium according to one of the proeeckires given later. 

> Sidta Soluble in Watetf:. — Nitrates, borides, acetates, etc.j an 
d^asolved with water slightly acidulated with hydrochloric add. 

Miftetiel Containing Organic Matter. — The substance is roasted b 
o^nic matter before treatment with acids or by fusion wi^ 
carbonates. 
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The Alkaline Earths 

Preliminary Considerations. — In the determination of barium^ cal- 
cium, and strontium, the following causes may lead to loss o^fe ele- 
ments sought: 

a. Presence of Phosphates. Phosphoric acid, free or combined, 
has a decided influence upon the determination of the members of 
this group. Combined as phosphate it will cause the complete precip- 
itation of barium, calcium, and strontium, along with iron, alumina, 
etc., upon making the solution alkaline for removal of the ammonium 
sulphide group. It is a common practice to hold up the iron - 1 - alu- 
mina by means of tartaric, citric, or other organic acids before making 
ammoiiiacal for precipitation of this group as oxalates, or again the 
basic acetate method is used for precipitation of iron and alumina; 
calcium, barium, and strontium going into solution. These procedures 
may be satisfactory for the analysis of phosphate rock and similar 
products, but do not cope with the difficulty when large amounts of 
phosphates are present. In samples containing free phosphoric acid, 
barium, calcium, and strontium, present in small amounts, may re- 
main in solution in presence of sulphates or oxalates. Appreciable 
amounts of calcium, 17 o or more, may escape detection J^y the usual 
method of precipitation by ammonium oxalate added to the alkaline 
solution, on account of this interference, so that the removal of phos- 
phoric acid before precipitation of this group is frequently necessary. 
This may be accomplished by addition of potassium carbonate in 
sufiicient excess to combine completely with the phosphoric acid'and 
form carbonates with the bases. The material taken to dryness is 
fused with additional potassium carbonate in an iron crucible, and the 
fusion leached with hot water — sodium phosphate dissolves and 
the carbonates of the heavy metals remain insoluble. 

h. Another source of loss is the presence of sulphates, either in 
the original material or by intentional or accidental addition, ‘in the 
latter case due to the oxidation of hydrogen sulphide,, which has been 
passed into the solution during the removal of elements of the hydrogen 
sulphide and ammonium sulphide groups, barium anTl strontium sul- 
phate being precipitated along with these members. A potassium 
carbonate fusion will form K2SO4, which may be leached out with 
water. 

c. Loss may be caused by occlusion of barium, dcalcium^ strontium, 
and magnesium by the gelatinous precipitates Fe(OH)3,Al(OH)8, Istc, 
A double precipitation of these compounds should be made if consid- 
erable amounts are preseflf. 

d. A large excess of ammonium salts, which accumulate during the 
preliminary separations, will prevent precipitation of the alkaline 
earths. This can be avoided by, using the necessary care required for 
accurate work, the addition of reagents by means of burettes or accord- 
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ing to definite measurements in graduates, etc. Careless addition of 
large amounts of ammonium hydroxide and hydrochloric acid should 
be guarded against. In case large amounts of ammonium chloride are 
preset, time is frequently saved by a repetition of the separations. 
Ammlj'''jum chloride may be expelled by heating the material, taken 
to dryness in a large platinum dish, the ammonium salts being vola- 
tilized. 

e. Carbon dioxide absorbed by ammonium hydroxide from the air 
will precipitate the alkaline earths with the ammonium sulphide group. 

Direct Precipitation on Original Sample. — For the determination 
of barium, calcium, and strontium, it is advisable to take a fresh 
sample, rather than one that has been previously employed for the 
estimation of the hydrogen sulphide and ammonium sulphide groups, 
as is evident from the statements made above. The alkaline earths 
are isolated by being converted to the insoluble sulphates and separa- 
tions effected as given later under Sulphate Method. 

Separation from Members of Previous Groups* — The members of 
the previous groups may be removed by precipitation as sulphides by 
H2S passed into the acid and then the alkaline solutions, the combined 
filtrates concentrated to about 300 cc. and made slightly acid with 
hydrochloric acid. The following procedures for isolation of barium 
from magnesium and the alkalies and from members of the alkaline 
earth group may be necessary before precipitation in its final form. 
The methods of separation will apply to the analJ^ses of the elements 
mentioned so that the details of procedure will not be given elsewhere. 

Separation of the Alkaline Earths from Magnesium and the 
Alkalies. — Two general procedures will cover conditions commonly 
met with in analytical w'ork : 

A. Oxalate Method. — Applicable in presence of comparatively 
large portions of calcium. The acid solution containing not over 1 
gram of the mixed oxides is brought to a volume of 350 cc, and for 
every 0.1 gram of magnesium present about 1 gram of ammonium 
chloride is added, unless already present. Sufficient oxalic acid is 
added to complHely precipitate the barium, calcium, and strontium.* 
(H2C2O4.2H2Q =,126.04, Ba - 137.37, Ca - 40.07, Sr = 87.63.) The 
solution is slowly neutralized by addition, drop by drop, of dilute 
ammonium hydroxide (1:10), methyl orange being used as indicator. 
About i gram of oxalic acid is now added in excess, the solution again 
made alkaline with ammonium hydroxide, and allowed to settle for 
at least twb hours,’* The precipitate is filtered off and washed with 
water containing 1 % ammonium oxalate, faintly alkaline with ammonia. 

The precipitate contains all the calcium, and practically all of the 
barium and strontium. If Mg is present in amounts of 10 to 15 times 
that of the alkaline earths a double precipitation is necessary, to re- 

* Ca and Sr will precipitate slowly in the. oxalic acid solution. Ba will pre- 
cipitate on making the solution alkaline. 
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move it completely from this group. The oxalates are dissolved in 
hydrochloric acid and reprecipitated with ammoniupa oxalate in alka- 
line solution. 

The filtrate contains magnesium and the alkalies. Trace, ^ of 
barium and strontium may bo present. If the sample conjo ins a 
comparatively large proportion of barium and strontium, the filtrate 
is evaporated to dryness, the ammonium salts expelled by geiitfe 
ignition of the residue, and the Ba and Sr recovered as sulphatCis 
according to the method described below. Magnesium is precipitated 
as magnesium ammonium phosphate from the filtrate. 

The oxalates of barium, calcium, and strontium are ignited to 
oxides, in which form they may be readily converted to chlorides by 
dissolving in hydrochloric acid, or to nitrates by nitric acid. 

B. Sulphate Method. — Applicable in presence of comparatively 
large proportions of barium, strontium, or magnesium. The solution 
containing the alkaline earths, .magnesium and the alkalies is evapo- 
rated to dryness and about 5 cc. concentrated sulphuric acid added, 
followed by 50 cc. of 95 % alcohol. The sulphates ^ of barium, calcium, 
and strontium are allowed to settle, and then filtered onto a medium 
mesh ashless filter paper and washed with alcohol until free of mag- 
nesium sulphate. In presence of large amounts of magnesium as in 
case of analyses of Epsom salts and other magnesium sajts it will be 
necessary to extract the precipitate by adding a small amount of 
water, then sufficient 95% alcohol to make the solution contain 50% 
alcohol and filter from the residue. Magnesium is determined in the 
filtrate. 

The residue containing barium, calcium, and strontium as sulphate 
is fused with 10 parts of potassium carbonate or sodium acid carbonate 
until the fusion becomes a clear molten mass, a deep platinum crucible 
being used for the fusion. A platinum wire is inserted and the mass 
allowed to solidify. The fusion may be removed by again heating 
until it begins to melt around the surface next to the crucible, when 
it may be lifted out on the wire. The mass is extracted with hot 
water and filtered, Na 2 S 04 going into the solution an(^the carbonates 
of barium, strontium, and calcium remaining insoluble. The carbonates 
should dissolve completely in hydrochloric acid or nftrie acid, other- 
wise the decomposition has not been complete, and a second fusion of 
this insoluble residue will be necessary. 

Separation of the Alkaline Earths from One Another. — This separa- 
tion may be effected by either of the following pfo.cessesf 

I. Barium is separated in acetic acid solution as a chromate from 
strontium and calcium; ,«trontium is separated as a nitrate from 
calcium in ether-alcohol or amyl alcohol. 

1 Solubility of BaS 04 « 0.17 imlligram, CaS 04 179 milligram, SrS 04 

II. 4 milligrams per 100 cc. sol. cold. 
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2. The three nitrates are treated with ether-alcohol in which 
barium and strontium nitrates are insoluble and calcium dissolves; 
the barium is now separated from strontium by ammonium chromate. 

^ocedures: 1. (a) Separatioii of Barium from Strontium (and 
frox^\^alcium). — In presence of an diccess of ammonium chromate, 
barium is precipitated from solutions, slightly acid with acetic acid, 
as barium chromate (appreciably soluble in presence of much free 
acetic acid), whereas strontium and calcium remain in solution. 

The mixed oxides or carbonates are dissolved in the least amount 


of dilute hydrochloric acid and the excess of acid expelled by evapora- 
tion to near dryness. The residue is taken up in about 300 cc, of 
water and 5-6 drops of acetic acid (sp.gr. 1.065) together with suffi- 
cient ammonium acetate (30% solution) to neutralize any free mineral 
acid present. The solution is heated and an excess of ammo- 
nium chromate (10% neutral sol.) added (10 cc. usually sufficient). 
The precipitate of barium chromate is allowed to settle for an hour 
and filtered off on a small filter and washed with water containing 
ammonium chromate until free of soluble strontium and calcium 


(test — addition of Nil 4011 and (NH4)2C03 produces no cloudiness), 
and then with water until practically free of ammonium chromate 
(e.g., only slight reddish brown color with silver nitrate solution). 

To separate any occluded precipitate of strontium or calcium the 
filter paper 'is pierced and the precipitate rinsed into A beaker with 
warm dilute nitric acid (sp.gr. 1.20) (2 cc. usually are sufficient). 
The solution is diluted to about 200 cc. and boiled. About 5 cc. of 


ammonium acetate, or enough to neutralize the free HNO3, are added 
to !he hot solution and then sufficient ammonium chromate to neutral- 


ize the free acetic acid, 10 cc. usually sufficient. The washing, as 
above indicated, is rc])eated. Barium i.s completely precipitated and 
may be determined cither as a chromate or a sulphate or by a volu- 
metric procedure. Strontium and calcium arc in tlie filtrates and 
may be separated as follows: 

(b^ Separation of Strontiiun from Calcium. — The method depends 
upon the insolubility of strontium nitrate and the solubility of calcium 
nitrate in a mixture of ether-alcohol, 1:1. 

Solubility^ of*Sr(N03)2 = 1 part Sr(NOs)2 in 60,000 parts of the mix- 
ture. Ca easily soluble. 

If the solution is a filtrate from barium, 1 cc. of nitric acid is 


added and the solution heated and made alkaline with ammonium 


hydroxide followed immediately with ammonium carbonate, the car- 
bonates of strontium (together with some SrCr04) and calcium will 
precipitate. The precipitate i.s dissolved in hydrochloric acid and 
reprecipitated from a hot solution with aiflmonium hydroxide and am- 
monium carbonate. The precipitate, SrCOa and CaCOa, is washed 
once with hot water and is then dissolved in the least amount of 


nitric acid, washed into a small casserole, evaporated to dryness and 
heated for an hour at 140 to 160® C. in an oven, or at 110® C. over 
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night. The dry mass is pulverized and mixed with 10 cc. of ether- 
alcohol (absolute alcohol, one part, ether-anhydrous, one part). Sev- 
eral extractions are thus made, the extracts being' decanted off into a 
flask. The residue is again dried in an oven at 140 to 160® C., then 
pulverized and washed into the flask with the ether-alcohol ij^ixture 
and digested for several hours with frequent shaking of the flatk. The 
residue is washed onto a filter moistened with ether-alcohol mixture. 
Strontium nitrate, Sr(N03)2, remains insoluble, and may be dissolved 
in water and determined gravimetrically as a sulphate, oxide, or caiv 
bonate or volumetrically. Calcium is in the filtrate and may be 
determined gravimetrically as an oxide or volumetrically. 

Instead of using a mixture of ether-alcohol, amyl alcohol may be 
used (hood), the mixture being kept at boiling temperature to de- 
hydrate the alcohol to prevent solution of strontium (6.p. = 130® C.). 

2. Separation of Barium and Strontium from Calcium. The pro- 
cedure depends upon the insolubility of barium nitrate, (BaN03)2, and 
strontium nitrate, Sr(N03)2, in a mixture of anhydrous ether and 
absolute alcohol or anydrous amyl alcohol, whereas Ca(N03)2 dissolves. 

The mixed oxides or carbonates are dissolved in nitric acid and 
taken to dryness in a beaker or Erlenmcyer flask, and heated for an 
hour or more in an oven at 140 to 160° C. Upon cooling, the mixture 
is treated with ten times its weight of cther-alcohol mixture and 
digested, cold, in the covered beaker or corked flask for about two 
hours with frequent stirring. An equal volume of ether is now added 
and the digestion continued for several hours longer. The residue is 
washed by decantation with ether and alcohol mixture until calcium 
is removed (test — no residue on platinum foil with drop of fihrate 
evaporated to dryness). 

Separation of Barium from Strontium. The dry mixed chlorides 
are dissolved in the least possible amount of water (0.2 cc., or more 
if necessary) the solution warmed, then cooled. More water is added 
if crystals appear. (The solution should be saturated.) .A mixture of 
4 : 1 HCl (33 %) and ether is added dropwise with stirring. Sufficient 
reagent is added to precipitate BaCL and dissolve SrCU. The mixture 
is decanted on an asbestos filter and washed with the HfCl-ether reagent. 
The BaCL is dried at 150° C. and weighed. (Method of Gooch and 
Soderman.) 

Barium and strontium may be separated by precipitation of barium 
as a chromate, the nitrate residue being dissolved in water and barium 
precipitated according to directions given under Procedup No. 1. 

Amyl alcohol may be used in place of ether-akohol by digesting 
the nitrates in a boiling solution (130° C.), calcium going into solution 
and barium and strontium remaining insoluble as nitrates. 
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METHODS FOR DETERMINING BARIUM 

GRAVIMETRIC METHODS FOR THE DETERMINATION OP BARIUM 

reasons given under “ Preliminary Considerations/^ it is ad- 
visable to take a special sample for the determination of barium that 
has not undergone treatment with hydrogen sulphide or ammonium 
hydroxide, since these may cause the loss of barium as stated. Lead 
should be removed if present. 

DETERMINATION OF BARIUM BY PRECIPITATION AS 
SULPHATE, BaS04 

This method depends on the insolubility of barium sulphate in water 
and in very dilute hydrochloric or sulphuric acid, one gram of the 
salt requiring about 344,000 cc. of hot water to effect solution. 

Reaction: — BaCU + H 2 SO 4 = BaS 04 + 2HC1. 

BaS 04 , Mol.wt., 233.44; sp.gr., 4.47 and 4.33; m.p., 1580 degrees, 
(amorphous decomposes) ; water dissolves 0.000172 gram and 0.000334 
per 100 cc. 3% HCl dissolves 0.0036 gram. Soluble in cone. H2SO4, 
White, Rhombic, and amorphous forms. 

Reagent : Dilute sulphuric acid — one volume of strong sulphuric 
acid diluted by pouring into ten volumes of water. 1 cc. of this 
reagent contains approximately 0.145 gram of H 2 SO 4 . This is 
equivalent to 

Ba 137 37 n 1 >1 c rv oc t» 

Solution. — Soluble Barium Salts — Weigh about 1 gram of the 
salt in a watch glass, transfer to a beaker, 400-500 cc., and dissolve 
in about 250 cc. of water, add 1 cc. HCl and heat to near boiling. 

_r Ti. 1 I. • 1 . 137 37 _ ^ 1 

Note, If the factor weight - = ■■ - = 0.5885 g. is taken 

BaS04 233.44 

exactly, the final weight of barium sulphate x 100 equals per cent 
barium. • 

Barium in Ores and Water insoluble Compounds. — Prepare the 
solution und^ flie suitable method given under “ Preparation and 
Solution of the Sample." 

Calculate the amount of the sulphuric acid reagent that is 
necessary to precipitate the barium in the sample, with about 20% 
excess. If ^here is» no conception of the amount present add 5 cc. 
of the acid per gram of the sample taken, according to the following 
method : 

1. Precipitation. — To the hot barium effferide solution, prepared as 
directed, add very slowly the calculated amount of hot dilute sulphuric 
acid. This may be done by means of a pipette, the acid being added 
in a fine stream, stirring the solution during the addition. 
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• beaker and allow the precipitate to settle a few 

minutes then test the clear supernatant solution with a few more 
drops of the acid. If additional precipitate forms* add 1-2 cc. more 
of the reagent. When the precipitation is complete, place the covered . 
solution on the steam bath or ^ver a low flame and allow to di^st 
for at least twenty minutes. This forms larger crystals andje^ens 
chances of loss of the barium sulphate by the precipitate passing 
through the filter. ^ a 

3. FUtration. — Fit closely a fine grained ashless filter hiper 
into a long stemmed funnel and moisten it with hot water to close 
the pores of the paper. Decant the clear solution above the precipitate 
into the filter, pouring the liquid down a stirring rod, with rounded 
end, so held as to direct the stream against the side of the filter, 
ihe stem of the funnel should rest against the side of the beaker to 
prevent splattering. 

4. Wash the precipitate iu the beaker about 4 or 5 times, adding 

SantL^ii? I™®’ precipitate to settle and 

decanting the wash water through the filter. 

5. Transfer the precipitate to the filter bv tilting the beaker and 
directing a fine stream of wash water from the wash bottle onto the 

f of the glass rod wh ch 

contents into a weighed norceliiin in. f *’• ^ x®® f* *0*' “'^'lits 
apex of the filter SetedTpi '“o®) crucible, with^he 

precipitate during drying, * ^-voids splattering of the 

rally increase tlie heat and igS un J aTl “'i 

ff*® clucibleTs’'white 

dent Ba. ^ csiccator. Weigh as BaSOi. Conveat to the equiv- 


Ba 

BaSO. 


137X - the conversion factor of BaSO 
233.44 = 0.5884. 


1 to Ba. 


(Weight of precipitate x 0.5884 
cent barium in the sample. 

Other factors: BaSO. 0.65C9 


X 100) -f- weight of sample = 
= BaO, or x 0.8455 = BaCO.. 


per 
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DETERMINATION OF BARIUM AS A CHROMATE 

A ^preliminary spectroscopic test has indicated whether a separation 
from calcium and strontium is necessary* If these are present, barium 
is separated along with strontium from calcium as the nitrate in pres- 
ence of alcohol-ether mixture, according to directions given under 
“ Separations.” Barium is now precipitated as the chromate, BaCr 04 , 
from a neutral or slightly acetic acid solution, strontium remaining 
in solution. 

Precipitation of Barium Chromate. — If barium is present in 
the form of nitrate, together with strontium, the mixed nitrates 
are evaporated to dryness and then taken up with water. About 
10 cc. ammonium acetate (300 grams NH 4 C 2 HJO 2 neutralized with 
NH4OH + H 2 O to make up to 1000 cc.) added and the solution heated 
to boiling. Five cc. of 20% ammonium bichromate are added drop 
by drop with constant stirring and the precipitate allowed to settle 
until cold. The solution is decanted oil from the precipitate through 
a filter and washed by decantation with dilute (0.5%) solution of 
ammonium acetate, until the excess chromate is removed, as indicated 
by the filtrate passing through uncolored. If much strontium was 
originally present, a double precipitation is necessary, otherwise the 
precipitate may be filtered directly into a Gooch crucible and ignited, 
the following paragraph directions being omitted. 

Purification from Strontium. — The precipitate is dissolved from the 
filter*by running through dilute (1:4) warm nitric acid, poured upon 
the chromate, catching the solution in the beaker in which the pre- 
cipitation was made ; the least amount of acid necessary to accomplish 
this being used and the filter washed with a little warm water. Am- 
monium hydroxide is now added to the solution, cautiously, until a 
slight permanent precipitate forms and then 10 cc. of ammonium 
• acetate*solution added with constant stirring and the mixture heated 
to boiling. The, precipitate is allowed to settle until the solution is 
. cold and then filtered and washed by decantation as before, a Gooch 
crucible being us^ to catch the precipitate. 

Ignition. -* The precipitate is washed once with dilute alcohol, 
1:10, dried at 110 ® C., and ignited, gently at first and then to a dull 
red heat until the color of the chromate is uniform. It is advisable 
to cover the crucibfc at first and then after five minutes to remQve 
the cover. 

BaCrO. X 0.6051 = BaO. BaCrOtV: 0.5420 = Ba. 
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Notes. The use of sodium hydrate or acetate in place of the ammonium 
hydroxide and acetate is sometimes recommended, owin^ to the slight solubility 
of BaCrOi in ammonium salts, as seen by the following table, approximate 
figures being given: 

100,000 parts of cold water dissolves 0 38 parts Ba^rO^ 

100,000 parts of hot water dissolves 4.35 parts BaCr04 

100,000 of 0.5% solution of NH4CI dissolves 4.35 parts BaCr04 

100,000 of 0 5 % solution of NH4NO3 dissolves 2 22 parts BaCr04 

100,000 of 0 , 75 % solution of NH4C2H8O2 dissolves 2 00 parts BaCr04 

100,000 of 1 .5 % solution of NH4C2H3O2 dissolves 4 12 parts BaCr04 

100,000 of 1 % acetic acid dissolves 20 73 parts BaCr04 

Although the solvent action of ammonium salts is practically ne^igihje 
under conditions of analysis given above, the solvent action of free acetic acid 
is of importance, so that it is necessary to neutralize or eliminate free mineral 
acids before addition of the acetate salt. 

The edges of the BaCr04 precipitate upon drying may appear green, owing 
to the action of alcohol; upon ignition, however, the yellow chromate is ob- 
tained. The color orange yellow, w'hen hot, fades to a light canary yellow upon 
cooling. 

BaCr04, mol.wt., 253.47; sp.gr., 4.498^®®; 100 cc. H2O sol. cold will dissolve 
0.00038^*® gram, hot dissolves 0.CK)43 gram; soluble in HCl, HNOa, yellow rhom- 
bic plates. 
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VOLUMETRIC METHODS 

TMRATION OP THE BARIUM SALT; WITH DICHROMATE 

This method is of value for an approximation of the amount of 
barium present in a solution that may also contain calcium, strontium, 
and magnesium' or the alkalies. It depends upon the reaction 

2BaCl2 + KiCviOi + H2O = 2BaCr04 + 2KC1 + 2HC1 

N/10 K2Cr207 (precipitation purposes) contains 7.355 grams pure 
salt per liter. 

Procedure. — The solution containing the barium is treated with 
ammonia until it just smells of it. (If an excess of ammonia is present 
the solution is made faintly acid with acetic acid.) It is then heated 
to about 70° C. and the standard dichromate added, with stirring 
until all the barium is precipitated and the clear supernatant solution 
is a faint yellow color from the slight excess of the reagent. For 
accurate work it is advisable to titrate the precipitate formed by one 
of the methods given below. One cc. K2Cr207 *= 0.00687 gram Ba. 
(Note reaction given above.) 

Note. An excess of potassium dichromate may be added, the precipitate 
filtered off, washed and the excess of dichromate detennined as stated below. 


REDUCTION OF THE CHROMATE WITH FERROUS SALT AND 
TITRATION WITH PERMANGANATE 

Ferrous sulphate reacts with barium chromate as follows: 

2BaCr04 + 6FeS04 + 8H 2SO4 = 3Fe2 (SO4) 3 + Cr 2 (SO4) 3 + 2BaS04 + 8H2O. 

, An excess of ferrous salt solution is added and the excess deter- 
mined by titration^ with N/10 KMn04 solution. Fe = ^Ba. 

• Reagents.-— JJ/iO solution of KMn04. N/10 FeS04 (27.81 grams 
per liter) or FeS04.(NH4)2S04 (39.226 grams per liter.) One cc. 
« 0.004579 Ba.. 

Procedure. — The well-washed precipitate of barium chromate is 
dissolved in an excess of standard N/10 ferrous ammonium sul- 
phate 'solution containing free sulphuric acid. The excess ferrous 
salt is titrated with standard N/10 potassium permanganate solution. 

(Cc. N/10 ferrous solution minus cc. permanganate titration) 
multiplied by 0.004579 gives grams barium in the solution. Iron 
factor to barium is 0.8187. 
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POTASSIUM IODIDE METHOD 

The procedure depends upon the reactions: 

1. 2BaCr04+6KH-16HCl=2BaCl2+2CrCl3+6KCl+8H204-6l. 

2. 3l2+6Na2S203=6NaI+3Na2S406. 

Procedure. — - The precipitate, BaCr 04 , is dissolved in 50 to 100 cc. 
of dilute hydrochloric acid and about 2 grams of solid potassium 
iodide salt added and allowed to react about ten minutes. The liber- 
ated iodine is now titrated with N/10 thiosulphate. Near the en(| of 
the titration starch solution is added and followed by N/10 thiosul- 
phate until the color disappears. 

One cc. N/10 Na 2 S 203 = 0.004579 gram Ba.‘ \ 

' ie. J mol. wt. -s- 10,000. 
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INDUSTRIAL, PRODUCTS AND RAW MATERIALS 

, ANALYSIS OF BARYTES AND WITHERITE 

Barytes or heavy spar is a variety of native barium sulphate, and 
witherite a native barium carbonate. These minerals are typical 
examples of barium-bearing ores. The analysis may involve the deter- 
mination of barium and calcium sulphates or carbonates, magnesia, 
iron and aluminum oxides and moisture. Traces of lead, copper, and 
zinc may be present, as well as sulphide, sulphur and fluorine in 
fluorspar. The following is an approximate composition of a high- 
grade sample: 

BaS 04 = 96%, CaCOa = 1.5%, MgCOa - 0.3%, SiO^ = 0.5%, ALOa 
= 0.5%, Fe203 = 0.2%, H 2 O = 0.5%. 

For complete analysis treat as directed under preparation of the 
sample. 


Procedure for Commercial Valuation of the Ore 

Total BaO as Barium Sulphate. — One gram of the finely pulver- 
ized sample iJ weighed into a platinum crucible (35 cc. capacity), 
mixed with 8 grams of sodium carbonate, fused for twenty minutes 
over a Bunsen burner and twenty minutes over a Meeker burner or 
blast lamp. The fusion is leached out with 200 cc. hot water in a 
250 dh. beaker, the barium carbonate filtered off, washed thoroughly 
with hot dilute sodium carbonate solution (2 grams per liter) until 
no test for sulphate i.s obtained. The barium carbonate is dissolved 
from the paper with hot dilute hydrochloric acid, catching solution 
in a 600 cc. beaker and the paper thoroughly washed. The solution 
is neutralized, with ammonium hydroxide, made slightly acid with 
^hydrochloric acid (1-1.5 cc.), heated to boiling and the barium pre- 
cipitated with hot ammonium sulphate solution (30 grams per liter). 
^ After standing on a steam plate for four hours, the barium sulphate 
is filtered off an ii weighed platinum Gooch crucible, ignited for 35 
minutes and weighed. 

Sulphate. -- The filtrate containing the SOa and washings from the 
barium carbonate is acidified with hydrochloric acid, 1-1.5 cc. 
excess, heateji to bQiling, the sulphates precipitated with hot 10% 
barium chloride solution and proceed as above. 

Silica. — This is determined by acidifying the extract from the 
barium carbonate obtained above, evaporating to dryness and taking 
up with water. SiOa remains insoluble. See chapter on Silicon. 

Iron and AZ-umino. ~ Determine in filtrate from silica determina- 
tion, all the barium having been removed. Precipitate as hydroxides 
by addition of ammonium hydroxide. 
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Lime. — Precipitate as oxalate from iron and alumina filtrate. 

Magnesia, — Precipitate as magnesium ammonium phosphate from 
the filtrate of the lime determination. 

Carbon Dioxide. — Determine as in limestone. See chapter on 
Carbon. ♦ • 

Fluorine. — See chapter on Fluorine, 

Loss on Ignition. — Determine on 1 gram sample. Moisture ob- 
tained by drying at 110° C., the loss by igniting over blast. 

For further details consult Standard Methods of Chemical Analy- 
sis — Scott. D. Van Nostrand Co. Pub. 
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BISMUTH , 

Bi, at.wt. 208.0; sp.gr. 9.7474; m.p. 27P; b.p. 1420° C.; oxides, BlsOs, BsOs 

The determination of bismuth is required in complete analysis 
of ores of cobalt, nickel, copper, silver, lead, and tin, in which it is 
generally found in small quantities; in evaluation of bismuthite, 
bismuth ochre, etc , in the analysis of the minerals wolfram, molyb- 
denite. It is determined in the residues from the refining of lead 
(the principal source of bismuth in the United States); in the analysis 
of alloys — antifriction metals, electric fuses, solders, stereotype metals, 
certain amalgams used for silvering mirrors (with or without lead or 
tin), and in bismuth compounds. 

OCCURRENCE 

Bismuth is found both free and combined in nature. 

Minerals. — The more important minerals are the following — 
Native Bismuth^ Bi, is a reddish silver- white mineral with metallic 
lustre; sometiines in crystallized form but more commonly in gran- 
ular masses, appears with branching lines in the gangue or with 
isolated grains; brittle; opaque; silver-white streak; hardness 2-2.5, 

Bismuthinite, Bi^Sa, a lead-gray mineral, often with yellow tarnish; 
metallic lustre; opaque; gray streak; sectile and brittle; hardness 
2-2.5. 

Bismite, Bismvth Ochre, Bi 203 , earthy mineral with dull or vitreous 
lustre; white, yellow or green color; opaque; streak colorless to 
greenish ; hardness 2. 

Bismutite, Bi2O3.CO2.H2O, an earthy white to yellow mineral; 
^paque, with dull or vitreous lustre; streak colorless to greenish; 
brittle; hardness 4-4.5. Fuses on charcoal O.F. with yellow coat, 
with R.F. a metalfic globule of Bi obtained, wliich volatilizes. 

DETECTION 

The solution is obtained by digesting the sample in nitric acid 
or by fusing with acid, potassium sulphate. 

Bismuth is precipitated from its solution, containing free acid, 
by H 2 S gas, as a brown sulphide, BioSj. The compound is insoluble 
in ammonium sulpliide (separation from arseillc, antimony, and tin), 
but dissolves in hot dilute nitric acid (separation from mercury). 
The nitrate, treated with sulphuric acid and taken to SO 3 fumes, is 
converted to the sulphate and dissolves upon dilution with water 
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(lead remains insoluble as PbS 04 ). Bismuth is precipitated from this 
solution by addition of ammonium hydroxide, white Bi(OH)3 being 
formed (copper and cadmium dissolve). If this hydroxide is dissolved 
with hydrocliloric acid and then diluted with a large volume of water, 
the white, basic salt of bismuth oxychloride, BiOCl, is precipitated. 
The compound dissolves if sufficient hydrochloric acid is present. It 
is insoluble in tartaric acid (distinction from antimony). 

Reducing Agents. Formaldehyde in alkaline solution, hypophos- 
phorouB acid, potassium or sodium stannite, reduce bismuth ' com- 
pounds to the metallic state. For example, a hot solution of sodium 
stannite poured onto the white precipitate of Bi(OH)3 on the filter 
will give a black stain. The test is very delicate and enables the 
detection of small amounts of the compound. 

3K2Sn02 + 2BiCla + 6KOH = 2Bi -f SKaSnOa + 6KC1 + SHaO. 

Blowpipe Test. — A compound of bismuth heated on charcoal with 
a powdered mixture of carbon, potassium iodide and sulphur, will 
give a scarlet incrustation on the charcoal. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION OF 

BISMUTH 

Preparation and Solution* of the Sample 

In dissolving the substance, the following facts must be kept in 
mind: nitric acid is the best solvent of the metal. Although it is 
soluble in hot sulphuric acid, it is only very slightly soluble in the cold 
acid. The metal is practically insoluble in hydrochloric acid, but 
readily dissolves in nitrohydrochloric acid. The hydroxides, oxides, 
and most of the bismuth salts are readily soluble in hydrochloric, 
nitric, and sulphuric acids. 

Ores or Cinders. — One gram of the finely pulverized ore or cinder 
(or larger amounts where the bismuth content is very low) is treated 
in a 400 cc. beaker with 5 cc. of bromine solution (Br + KBr + H2O) 
followed by the cautious addition of about 13 cc. of HNO 3 (sp.gr. 
1.42). When the violent action has ceased, which is apt to occur 
in sulphide ores, the mixture is taken to dryness on the steam bath, 
10 cc. of strong HCl and 20 cc. of concentrated H2SO4 and the covered 
sample heated until 8 O 3 fumes are freely evolved. The cooled solu- 
tion is diluted with 50 cc. of water and gently heated until only a 
white or light ^ray residue remains. The solution is filtered and the 
residue washed with dilute H2SO4 (1:10), to remove any adhering 
bismuth. Silica, the greater part of the lead (also BaS()4) remain in 
the residue, whereas the bismuth, together with iron, alumina, copper, 
antin^ony, etc., are in the solution. Details of further treatment of 
the solution to effect a separation of bismuth are given under “ Sep- 
arations ” and the procedures for determination of bismuth. 

Alloys, Bearing Metal, etc. — One gram of the borings, placed in a 
small beaker, is dissolved by adding 20 cc. of concentrated HCl 
and 5 cc. of strong HNO 3 . The alloy will usually dissolve in the 
cold, unless Considerable lead is present, in which case prolonged 
heating bn the steam bath may be necessary. (A yellow or greenish- 
yellow color at ihis stage indicates the presence of copper.) Lead 
may now be remgved either as a sulphate by taking to SO3 fumes 
with H 2 SO 4 01^ by precipitating as a chloride, in the presence of 
alcohol, according to directions given under Separations. The bis- 
muth is determined in the filtrate from lead according to one of the 
procedures given under the quantitative methods. 

Lead BulHon, Refined Lead. — See method outlined under “ Indus- 
trial Products and Raw Materials. 

The following procedures are given in the oi^er that would he followed 
in the complete analysis of an ore, in which all the constituents are sought. 
This general scheme, however, is not required for the majority of bismuth- 
hearing samples commonly met with in the commercial laboratory, direct 
precipitations of bismuth frequently heirfg possible. 
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Separation of Bismuth from Members of Subsequent Groups, 
Fe, Cr, Al, Mn, Co, Ni, Zn, Mg, the Alkaline Earths and Alkalies, 
together urith Rare Elements of these Groups. — *The solution should 
contain 5 to 7 cc. of concentrated hydrochloric acid (sp.gr. 1.19) for 
every 100 cc. of the sample. • The elements of the hydrogen siflphide 
group are precipitated by saturating the solution with HaS (Hg, Pb, 
Bi, Cu, Cd, As, Sb, Sn, Mo, Se, Te, Au, Pt). The members of sub- 
sequent groups remain in solution and pass into the filtrate. 

Separation of Bismuth from Arsenic, Antimony, Tin, Molybdeniim, 
Tellurium, Selenium. — In presence of mercury, the soluble members 
of the hydrogen sulphide group arc separated from the insoluble 
sulphides by digesting the precipitate above obtained with ammonium 
Bulpliide; in absence of mercury, however, which is generally the 
case, digestion of the sulphides with sodium hydroxide and sodium 
sulphide solution is preferred, the general procedure being followed. 
Mercury, lead, bismuth, copper, and cadmium remain in the residue, 
whereas the other members of the group dissolve. 

Separation of Bismuth from Mercury. — The insoluble sulphides, 
remaining from the above treatment with ammonium sulphide after 
being washed free of the soluble members of this group, are placed 
in a porcelain dish and boiled with dilute nitric acid (sp gr. L2 to 1.3). 
The solution thus obtained is filtered, upon dilution, from the insol- 
uble sulphide of mercury.' A little of the lead may remain as PbS04, 
the solution may contain lead, bismuth, copper, and cadmium. 

Separation of Bismuth from Lead. — This is the most * important 
procedure in the determination of bismuth as the separation is almost 
invariably necessary, as these elements commonly occur together. 
Bismuth produced in the United States in 1912 was obtained entirely 
from the residues in the refining of lead. 

There are two methods for the separation of lead and bismuth. 

A. Precipitation of lead either as lead sulphate or as lead 
chloride, the bismuth remaining in solution under the conditions 
of the precipitation. 

B. Precipitation of bismuth as the oxychloride or subnitratc, lead^ 

remaining in solution. • 

Precipitating Lead as PbS 04 . — This procedure is^ generally used' 
in the process of a complete analysis of an ore containing lead and 
bismuth. The nitric acid solution of the sulphides, obtained upon 
removal of the soluble group and mercury by boiling the insoluble 
sulphides with dilute nitric acid, is treated with about 10 cc. of strong 
sulphuric acid, and taken to SO3 fumes by heating. Tlie cooled sul- 
phate solution is diluted with water and the insoluble lead sulphate 
filtered off and washed* with dilute sulphuric acid solution (1:20). 
Bismuth passes into solution, together with copper and cadmium, if 
also present in the original sample. 

Separation of Bismuth from Copper and Cadmium. — See oxy- 
chloride method, separation of bismuth as BiOCl. 
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DETERMINATION OF BISMUTH AS THE OXIDE, BiaO, 

Preliminary Considerations. — The determination of bismuth as 
the ojide requires the absence of hydrochloric acid or sulphuric acid 
from the solution of the element, since either of these acids invari- 
ably contaminates the final product. In presence of these acids, 
which is frequently the case, determination of bismuth by precipita- 
tion as BiaSs or by reduction to the metal and so weighing is generally 
recommended; a brief outline of the methods is given later; a solu- 
tion of bismuth free from hydrochloric acid and practically free of 
sulphuric acid may be obtained by precipitating BiaSa, together with 
CuS, CdS, and PbS, the amount of sulphuric acid formed by the 
reaction being negligible. Bismuth should be in a nitric acid solution, 
free from antimony and tin. 

Two general conditions will be considered: 1. Solutions containing 
lead. Copper and cadmium may also be present. 2. Solutions free 
from lead. Copper and cadmium may be present. 

1. Separation from Lead, Copper, and Cadmium, by Precipitation 
as Basic Nitrate. — Either the sulphuric or hydrochloric acid methods 
may be employed for effecting the separation of lead by precipitation. 
Furthermore advantage may be taken of the fact tliat bismuth nitrate 
is changed by the action of water into an insoluble basic salt, while 
lead, copper and cadmium do not undergo such a transformation. 

Procedure. — The bismuth nitrate solution is evaporated to syrupy 
consistency and hot water added with constant stirring with a glass 
rod. The solution is again evaporated to dryness, and the hot-water 
treafhicnt repeated. Four such evaporations are generally sufficient 
to convert the bismuth nitrate completely into the basic salt; when 
this stage is reached the addition of water will fail to produce a tur- 
bidity. The solution is finally evaporated to dryness and, when free 
from nitric acid, is extracted with cold ammonium nitrate solution 
(1 NH4NO3 :.500 H2O) to dissolve out the lead and other impurities. 
After allowing to stand some time with frequent stirring, the solution 
is filtered and ^he residue washed with ammonium nitrate solution, 
then dried. 

Ignition to Bidinuth Oidde. — As much of the precipitate as possible 
is transferred to a weighed porcelain crucible, the filter is burned 
and the ash a'dded to the main precipitate. This is now gently ignited 
over a Bunsen burner. Too high heating will cause the oxide to fuse 
and attack Uie glazg of the crucible. 

Properties. — Bi( 0 H) 2 N 03 moLwt., 304.03; sp.gr., 4.928^*^®; decomp.t 
260°; insol. in H2O; sol. in acids; hexagonal plates. 

BiaOa mol. wL, 464.0; sp.gr., 8.8 fo*^.0; m.p., 820 to 860°; 
insoluble in cold water and in alkalies, hut soluble in acids; yeUow 
tetragonal crystals. 


BiaOs X 0.8965 = Bi. 
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2. Precipitation of Bismuth as the Subcarbonate or Hydroxide, 
Lead being Absent. — Either of these procedures effects a separation 
of bismuth from copper and cadmium. 

A. Procedure. Precipitation of the Subcarbonate. — The solution 
is diluted to about 300 cc. and dilute ammonia added cautiously until 
a faint turbidity is obtained and then an excess of ammonium car- 
bonate. The solution is heated to boiling, the precipitate filtered off, 
washed with hot water, dried and ignited according to directions giyen 
in the bismuth subnitrate method. The residue is weighed as BiiiOa, 

B. Procedure. Isolation of Bismuth by Precipitation as the Hy- 

droxide. — The solution is taken t(» dryness and the residue treated 
with 5 cc. of nitric acid (1 : 4) and 25 cc. of water added. The result- 
ing solution is poured, with constant stirring, into 25 cc. of concen- 
trated ammonia and 50 cc. of 4% hydrogen peroxide. Upon settling 
of the bismuth hydroxide, the clear solution is fdtered otf and the 
residue is treated with more ammonia and peroxide. It is then filtered 
onto a filter paper, washed with hot, dilute ammonium hydroxide, 
(1:8), followed by hot water and washed free of any adhering copper 
or cadmium (no residue wh<' t a drop is evaporated on platinum foil). 
Re-solution in hot dilute nitric acid and reprccij)itation may sometimes 
be necessary to obtain the pure product. The hydroxide may be 
dried, ignited and weighed as HiiOa according to directions already 
given on page 135. ' 

Properties. — Bi2O3.OO2.H2O, mol. irt., 526.02; fip.gr., 6.86; decomp, 
by heat; imoluble in water, soluble rn acids, insoluble in Na2COj; 
white jYreedpitate. 

Bi(OH)3, mol. wt., 259,02; loses 1] H2O at 150°; insol. itt cold 
water and in alkalies: soluble in acids; white precipitate. 

DETERMINING BISMUTH BY PRECIPITATION AND WEIGHING 
AS THE BASIC CHLORIDE, BiOCl 

The determination depends upon the formation of 'the ipsoluble 
oxychloride, Bi()C3, when a hydrochloric acid solution of bismuth is 
sufiicientlv diluted with water, the following reactit)n taking place, 
BiCL 4- H2O = BiOOl -f 2HC1. 

The procedure is recommended for the determination of bismuth 
in refined lead, bearing metal, and bismuth alloys. Copper, cadmium, 
and lead do not interfere; appreciable amounts of antimony and tin, 
however, should be removed by H2S precipitation and subsequent 
treatment with NaoS, and the residual sulphides diss(>lved iij hot 
dilute nitric acid, according to directions given under “ Separations.’^ 

Properties of BiOCl. ^Mol.wt., 259.46; sp.gr., 7.717^®°; m.p,, red 
heat; insol. in H2O and 17 } H2C4lli06, soluble in acids. Appearance is 
white, quadratic crystalline form. 

Procedure. — The solution of bismuth, freed from appreciable 
amounts of tin and antimony, is warmed gently and treated with 

m 
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sufficient ammonia to neutralize the greater part of the free acid. At 
this stage a precipitate is formed by the adilition, which dissolves with 
difficulty; the last portion of the dilute ammonia (1 : 2) is added 
drop j;)y drop, the solution is diluted to about 300 cc., and the re- 
mainder of the free acid neutralized* with dilute ammonia added 
cautiously until a faint opalescence apjicars, but not enough to form 
an appreciable precipitate. One to 3 cc. of dilute hydrochloric acid 
(1 part HCl sp.gr. 1.19 to 3 parts H 2 O) arc now added, the mixture 
stirred and the bismuth oxychloride allowed to settle for an hour or 
so on the steam bath, then filtered hot by decanting off the clear 
solution through a weighed Gooch crucible. The precipitate is washed 
by decantation twice with hot water and finally washed into the 
Gooch, then dried at 100° C. and weighed as BiOCl. 

BiOCl X 0.8017 = Bi. 

Note. Three cc. of dilute hydrochloric acid (or 1 cc. cone. HCl, sp.gr. I.IO) 
are sufficient to completely precipitate 1 gram of bismuth from solution. 
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mDUSTRUL PRODUCTS AND RAW MATERIALS 

BISMUTH DETERMINATION IN LEAD BULLION » » 

Ten to twenty-five grams of the lead, hammered or rolled out and 
cut into small pieces, are taken for analysis. The sample is dissolved 
in a mixture of 200 cc. of water and 50 cc. of strong nitric acid, dn a 
large covered beaker, and warmed gently on water or steam bath. 
When lead has dissolved, the beaker is removed and placed on a cool 
surface and enough sulphuric acid (1-1) added to precipitate lead^ 

The lead sulphate is allowed to settle and the clear supernatant 
liquid is decanted into another beaker and held. To the residue of 
lead sulphate 10-20 cc. of concentrated sulphuric acid is added and 
brought down to strong fumes on a hot plate. After strong fuming, the 
portion containing lead sulphate is diluted with water. To the first 
clear decanted portion, 10 cc. of sulphuric acid is added and this also 
evaporated down to fumes of sulphuric acid. Botli portions are re- 
moved from the hot plati aiK* when cool add 50 cc. of water and 3 to 5 
grams of tartaric acid to each. Heat to dissolve tartaric acid and filter 
over an asbestos pad, the clear portion first, and then follow with the 
one containing the bulk of lead sulphate. The bulk of lead sulphate is 
washed by decantation three or four times with warm water before trans- 
ferring to an asbestos pad. When bismuth is higher than .30% in the 
bullion, the sulphate residue may be retreated with sulphuric acid, fumed 
and washed. The clear solution is allowed to stand for one hour and 
refiltered to ensure removal of all lead sulphate. The filtrate is ‘then 
warmed and hydrogen sulphide gas passed, filtered on a paper and 
washed with cold water. The sulphitles are washed from the filter 
back to the precipitating beaker. The sulphides of Sb, Sn, Te, etc., are 
leached out with a 10% K^S solution, which has been saturated with 
hydrogen sulphide, and allowed to stand in a warm place and filtered 
over the original sulphide paper. After washing with warm water 
containing a few drops of K 2 S solution, the precipitate is dissolved in 
nitric acid and a few drops of bromine to ensure solution of all sulphur. 
It is all important to remove Bb, Sn anS Te from th(? sulphide precipi- 
tate before going any further by repeating the hydrogen sulphide pre- 
cipitation. 

The nitric acid solution of Bi, Cu, etc., is made faintly alkaline 
with ammonia and 1 gram of ammonium carbonate. added and the solu- 
tion boiled for five to ten minutes when the bismuth is precipitated as 
a basic salt. To ensure solution of the copper, a few drops of free 
ammonia are added with*Uirring before filtering. The bismuth pre- 


^ J. J. Mulligan. 
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cipitate is filtered on a tarcd gooch, washed with water, dried and 
ignited to BijOi over a Bunsen flame. 

BisOa X .8966 - Bi. 

If the bismuth precipitate is dark after precipitation with ammonia 
and ammonium carbonate, it may be due to tellurium. If so, the 
filtered precipitate is dried, ignited and fused with caustic potash and 
sulphur to put the tellurium in a soluble form and thus remove tellu- 
rium from insoluble bismuth sulphide; or redissolving in acid and re- 
precipitating as sulphides and washing the sulphides with KaS solution 
as before mentioned. 

This method is applicable to refined lead when larger portions are 
taken. 
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Colorimetric Comparison. — The residue of bismuth basic carbonate 
is dissolved in the least amount of dilute nitric acid necessary to 
effect solution and the filter washed free of bismuth with a little 
water containing a few drops of nitric acid. The solution is made up 
to a definite volume, 50 cc. gr 100 cc. according to the bulk «vf pre- 
cipitate dissolved. Two small beakers placed side by side may be used 
for the color comparison, a sheet of white paper or tile being placed 
under the beakers. Two 50-cc. Kessler tubes, however, are preferred. 
Three cc. of cinchonine solution are added to each container. From a 
burette the bismuth nitrate sample is run into one of these containers 
in just sufficient quantity to color the reagent a crimson or orange 
tint. The exact volume required to do this is noted and the equivalent 
amount of sample used calculated. (If no color is produced bismuth 
is absent.) The reagent in the adjacent beaker or Ncssler tube is 
diluted to 5 to 7 cc., and into tJiis is run, from a burette, the standard 
bismuth nitrate solution until the color exactly matches the sample. 
From the cc. of the standard required the amount of bismuth in the 
sample can readily be calculated. 

Reaction. SKI + CigH? N:('KI + Bi(N 03 ) 3 =Ci 9 H 22 N 20 KIBil 3 + 3 KN 03 . 

Precautions. — The sensitiveness of the method is lost if the depth 
of color is too great. It is necessary, then, to add the sample to the 
cinchonine reagent in such ejuantity only as will product a light crim- 
son or orange color. 
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BORON 

f amorp. sp.gr. 2.46; in.p. 2200° C.; b.p. sublimes. 

B, at.wt. 11.0; \ 

[ cryst. sp.gr. 2.66; m.p. 2600° C.; b.p. 3600° C.; oxide, BjOs. 

Tlie determination of boron is required in the valuation of its 
minerals. The determination is required for obtaining the true value 
of commercial boric acid, in the analysis of fluxes and certain pigments. 
It is determined as a food-preservative in milk, meat, canned goods, 
etc. The element is determined in certain alloys of nickel, cobalt, 
zinc, chromium, tungsten, molybdenum and in the analysis of steel. 

OCCURRENCE 

The clement occurs in nature in -the form of boric acid and its 
jalts (" borates ”). 

MineraU. — Borax, Na2B4O7.10H2O, occurring as a glistening white 
efflorescence •rjf certain soils, frequently in solution in lakes. The 
crystals are monoclinic, vitreous to dull lustre; translucent to opaque; 
color white, gray, blueish or greenish; taste alkaline; brittle; white 
streak; hardness 2-2.5. 

Qolemanite, Ca2B60n.5H20, occurs in groups of transparent mono- 
clinic crystals; vitreous to dull lustre; transparent to opaque; white 
streak; hardness 4-4.5. 

Ulexite, BoronatrocalcUej CaNaBsOg.SHsO — White rounded masses 
or loosely-compacted, intertwined silky fibres; translucent; brittle; 
white streak; hardness 1, easily pulverized between the fingers. 

Other Minerals. — Danhurite, CaB 2 (Si 04 ) 2 ; Datolite, HCaBSiOs; 
Axinite, Ca, A1 boro silicate; Tourmaline^ complex boro silicate. 


DETECTION 

Flame Test. — Boric acid is displaced from its salts by nearly all 
acids, including even carbonic acid. 

The fla^jie test ^may be conveniently made by treating the pow- 
dered sample in a test-tube with sulphuric acid and alcohol (preferably 
methyl alcohol). A cork carrying a glass tube is inserted and the test- 
tube gently warmed. The escaping gas will burn with a green flame. 

Borax Bead. — Na2B4O7.10n2O fused in a platinum loop, swells to 
several times its orignial volume as the water of crystallization is being 
driven out, then contracts to a deal: molten bead. If the bead is 
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dipped into a weak solution of cobalt and jdunged into the flame, 
until it again becomes molten, the bead upon cooling will be colored 
blue. 

Turmeric Test. — A few drops of acetic acid are added together 
with 2 or 3 drops of an alcoliolic turmeric solution to an alcoholic 
extract of the sample, placed in a porcelain dish. The solution is 
diluted with water and then evaporated to drj'iiess on the water bath. 
1/1000 milligram of boric acid will produce a distinct color, 2/100 
milligram wdll give a strong reddish-brown colored residue, which 
becomes bluish-black when treated with a drop of sodium hydroxide 
solution. 
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GRAVIMETRIC DETERMINATION OF BORON 

Analysis of Industrial Products and Raw Materials. The solubility 
of boron compounds prevents complete precipitation by any of the 
known reagents, hence most of the gravimetric metliods are indirect. 


DISTILLATION AS METHYL BORATE AND FIXATION 
BY LIME^ 

This excellent method, originally worked out by F. A. Gooch,' 
and later modified by Gooch and Jones, depends upon the fact that 
the borates of alkaline eartlis and alkalies give up their boron in the 
form of the volatile methyl borate {h.p., 6o° C.), when they arc distilled 
with absolute methyl alcohol (acetone-free). The methyl borate passed 
over lime in presence of water is completely saponified, the liberated 
boric acid combining with the lime to form calcium borate, which may 
be dried, ignited, and weighed. TJie increase of the weight of the lime 
represents the B^Oa in the sample. 

2B(GCHa)3 + CaO 4- GH 2 O = GCH 3 OH + CafBOa)^ + SHoQ. 

Procedure# Preparation of the Sample. — It will be recalled 
that crystalline boron is scarcely attacked by acids or alkaline 
solutions; the amorphous form, however, is soluble in concentrated 
nitric and sulphuric acids. Both forms fused with potassium 
hydiK)xide arc converted to potassium metaborate. Boric acid 
is more readily soluble in pure water than in hydrochloric, nitric, 
sulphuric, or acetic acids, but still more soluble in tartaric acid.^ It 
is soluble in alcohol and volatile oils. Borax is insoluble in alcohol. 
With acids it becomes transposed to boric acid and tlie sodium salt of 
the acid. 

Borje Oxide in Ores, Silicates, Enamel, etc. — About 0.5 gram of 
the finely ground material is fused with five times its weight of sodium 
carbonate, the flielt extracted with water and the extract, containing 
the sodium s|^lt* of boric acid, evaporated to small volume. The 
greater part of the excess sodium carbonate is neutralized with hy- 
drochloric acid and finally made acid with acetic acid (litmus paper 
test = red). Boric oxide is now determined by the distillation process. 

About 1 gram of pure calcium oxide is ignited to constant weight 
over, a blast* lamp .ah d then transferred to the dry Erlenmeyer receiv- 
ing flask (Fig. 47). The crucible in which the lime was heated and 
weighed is set aside in a desiccator for lal^r use. 

0.2 gram or less of the alkali borates, obtained in solution by the 
procedure given under “ Preparation of the Sample,” is treated with a 

* Proc. Am. Acad, of Arts and Sdences, 22, 167-176 (1886). 

* (Herz, Chem. Zentr., 1903, 1, 312). 
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few drops of litmus (or lacinoid), solution and the free alkali neutral- 
ized with dilute HCl solution added drop by drop., A drop of dilute 
sodium hydroxide solution is added and then a few drops of acetic 
acid. The slightly acid solution is transferred to the pipette-s^japed 
retort Fig. 47, by means of *the attached funnel F, washing out the 
beaker and funnel with three 2 to 3 cc. portions of water. The stop- 
cock of the funnel is closed, the apparatus is connected up as shown 
in the illustration, the paraffine bath, heated to not over 140° C., 
placed in position and the liquid in the retort distilled into the receiver 

containing the known ari^ount 
of lime. When all the liquid 
has distilled over, the paraffine 
hath is lowered, the retort al- 
lowed to cool for a few minutes, 
10 cc. of methyl alcohol (acetone- 
free) added to the residue in R 
and the contents again distilled 
by replacing the paraffine bath. 
The process is reqieatod three 
times with methyl alcohol. 

Tlie contents of the rejtort 
(which are now alkaline), arc 
made distinctly acill by addition 
of acetic acid, and three more 
distillations made with 100 cc. 
portions of methyl alcohol, as 
before. The paraffine bath is 
now removed, the receiving flask 
is sto])pered, the contents thor- 
oughly mixed by shaking, and 
set aside for an hemr or more 
for complete saponification of 
Fig. 47. Distillation of Methyl Borate the methyl borate. The con- 
tents arc now poured into a 
large platinum dish and evaporated on the water fiath at a tem- 
perature below the boiling-point of the alcohol. * ^Loss of boric 
acid will occur if the alcohol boils.) The adhering lime in the re- 
ceiving flask is dissolved by wetting its entire surface with a few drops 
of dilute nitric acid (the flask being inclined and revolved to flow the 
acid over its sides). The contents are transferred^ to the flish with a 
little water and the evaporation repeated. No loss of boric acid will 
take place at this stage, the alcohol having been removed during the 
first evaporation. The ref,idue is gently heated to destroy any calcium 
acetate that may have formed, the cooled borate and lime are taken 
up with a little water and transferred to the crucible in which the lime 
was heated and weighed. Tlip material clinging to the dish is dis- 
solved with a little nitric acid (or acetic acid), and washed into the 
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crucible. The contents of the crucible arc evaporated to dryness 
on the water bath, then heated very gently over a flame (the cru- 
cible being covered) and finally more strongly. The heating is continued 



" Fm. 475 

until a constant weight is obtained. The increase of weight of the 
lime represents the amount of B 2 O 3 in the sample. 

Notes, pooch and Jones worked out a procedure which utilizes sodium 
tungsti^te as a retainer of the methvl borate, in place of the lime. This sub- 
stance IS definite in weight, not hydroscopic, soluble in water, and recoverable 
in its original \vnght after evaporation and ignition. “Methods in Chem. 
Anal.,” p. 204, 1st Ed. By F. A. Gooch, John Wilev & Sons, Publishers. 

The receiving flask has a cork stopper with a hole to accommodate the tube 
of the condenser and a slit to permit the escape of air from the flask. 

Gooch recommends cooling of the receiving flask. 
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VOLUMETRIC DETERMINATION OF .BORON 

Titration of Boric Acid in Presence of Mannitol or Glycero) 
Evaluation of Borax 

The method takes advantage of the fact that boric acid reacts 
neutral to methyl orange (or paranitrophenol) , but is acid to phenol- 
phthalein, and may be quantitatively titrated in the presence of 
mannitol or of glycerol, which prevent the hydrolization of sodium 
borate. If insufficient mannitol or glycerol are present the color 
change takes place too soon, the color fading upon adding more of 
these substances. The end-point is reached when the further addition 
of these reagents produces no fading of the color. In the procedure, 
the alkali is neutralized in presence of methyl orange (or paranitrophe- 
nol), and the liberated boric acid is now titrated. 

Reactions. NaaB407 + 2UCI + 51120 = 2 NaCl + 4H3BO3 
H3BO3 + NnOH - NaBOa + 21120. 

Borax, Boric Acid. — Ten grams of the material are dissolved in 
about 300 cc. of water (free from C-O^) and made to 500 cc. in a 
graduated flask, with i)ure water. One hundrcd-cc. portions are taken 
for analysis and the solution titrated, in presence of •mannitol or 
glycerol according to directions given under the volumetric procedure. 

Method of Chapin^ 

Reagents Required : * 

1. Paranitrophenol. — One gram dissolved in 75 cc. of neutral 
ethyl alcoliol and made up to 100 cc. with water. 

2. Fhenolphihalein. — One gram dissolved in 100 cc. of ethyl 
alcohol and made up to 200 cc. with water. 

3. Hydrochloric Acid, 0,1 Normal. — The water should be boiled 

to remove carbonic acid. • 

4. Hydrochloric Acid, 1.1 Strength. — A dropping ^ulb should be 
filled with this acid wdicn it is needed in accurate small amounts. 

5. Sodium Hydroxide^ 0.5 and 0.1 NorynaJ. — Thfme should be 

standardized as follows : Fuse pure boric acid in a platinum dish* 
While still warm break the melt up and place the fragments quickly 
in a weighing tube. Dissolve 1.75 grams in 250 cc. of hot, recently 
boiled water, cool, and dilute the solution to 500, cc. This solution 
is 0.1 normal — that is, in presence of mannite or’ glycerol 1 cc. is 
neutralized to the phenolphthalein end point by 1 cc. of 0.1 normal 
sodium hydroxide. •• 

In standardizing the sodium hydroxide against this solution both 
indicators should be used, so that the end may be the same as that 

^ Bulletin 700, ‘'The Analysis *of Silicate and Carbonate Rocks,” by 
W. F. Hillebrand. Department of the Interior, U, S. Geological Surveys. 
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seen in actual titration. Follow exactly the directions given under 6, 
below, for the final titration, only assuming that the boric acid so- 
lution is exactly neutral to paranitrophenol — that is, free from mineral 
acid. * When sodium hydroxide is standardized in tliis way the small 
amount of carbonate present does no harm. 

6. Mannite. — This is preferable to glycerol, for it requires no 
special preparation, does not materially increase the bulk of the solu- 
tion to be titrated, and gives an equally sharp end point. 

7. Methyl Alcohol. — This should be distilled over lime after it has 
been heated for some hours in contact with the lime under a reflux 
condenser. The more nearly anhydrous the alcohol is the better. 

8. Calcium Chloride. — This should be granular, anhydrous, and 
free from boron. 


Apparatus 

The main set up of the apparatus required is shown in Fig. 48. 

Procedure. — Take half a gram of mineral powder for even very 
small amounts of boron. When the percentage is high it is best to so 
limit the weight of the sample so that the B .O3 shall not exceed 0.1 
gram. 

If the mineral is soluble in hydrochloric acid, transfer 1 gram of it 
to the flask R, without letting any adhere to the nock, and treat with 
not more than 5 cc. of 1:1 hydrochloric acid. Heat gently on a 
water bath until solubility is complete. 

K the mineral is not soluble, add to it exactly six times its weight 
of sodium carbonate or of an equimolccular mixture of sodium and 
potassium carbonates, mix, and fuse in the usual manner. Without 
removing from the crucible, decompose the melt with 1 : 1 hydrochloric 
acid in calculated amount added by degrees. While this is being done 
the crucible should rest in a casserole, and the lid should be kept in 
place as much as possible. Toward the end it may be necessary to 
heat a little, but care should be taken not to boil, for boric acid would 
be lost with the*^ steam. Pour the solution into the flask B and rinse 
the crucible wj,th. a very little water. See Fig. 48. 

Then add pure anhydrous calcium chloride, using about 1 gram 
for each cubic centimeter of solution and running it through a paper 
funnel to keep the neck of the flask clean. Twirl the flask a little to 
allow the chloride to take up the water, connect it with the rest of 
the apparatus, rai.sd the casserole beneath it until the flask rests in 
the water but tloes not touch the bottom, and then begin the distilla- 
tion of the alcohol from the flask A, taking care that the open end 
of the capillary “ boiling tube " is free from alcohol and that the 
U tube attached to the receiver is trapped with water. 

The decomposition flask, B, i.s not heated until about 25 cc. of 
alcohol has condensed in it. After thal the water h&ih is heated by a 
small flame and the flask thus kept hot enough to prevent farther 
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condensation of alcohol. The distillation should not be so rapid as to 
permit escape of methyl borate from the system. 

When a distillate of about 100 ce. has collected the receiver is ex- 
changed for a fresh one and the collection of a second distillate is 



Fig. 48. Distilling Apparatus for Boron ^ 

A. Flask of 500 cc. capacity for methyl aleohol, ImvinR a XT tube pofttajninR a little mercury 

as a safety trap, and a capillary “ boiling tube ” 3 iiitn. in bore, the bore closed at 
1 cm. from the lower end. 

B. Flask of 250 oc. capacity, supported, in a casserole of water but not touching the bottom 

The outlet tube of B should be not less than 12 cm, in vertical height and of rather 
wide bore. The end inside the flask should be jagged to allow condensed hquid to 
drop back instead of jumping up the tube 

C. Glass condenser, 40 cc. long, of tubing 3 cm wide. 

D. Receiving flask of 250 cc. capacity Two. or three of those flasks should be at hand, with 

necks of same sisc, so that the receiver can be changed without interrupting the dis- 
tillation. The small U tube attached contains a little water fo prevent the escape 
of any uncondensed methyl borate 

S. (Not shown.) A second glass condenser like C, connected on the one siAe to a flask exactly 
like B, which, however, has a atopjier with only one hole and rests completely within 
a large bath. The flask carries also a ” boiling tube." On the othe^ side is a receiver 
like D, but without the U trap. This apparatus is used for distilling oft the alcohol 
after the preliminary titration. 

F. (Not shown.) Filter pump. At the end of the side tube is an elbow tube connected to a 
rubber stopper with two holes and of a size to lit the flask mentionM in connection 
with E. The second hole of the stopper is closed by a glass blug. which can be with- 
drawn to break the vacuum. Midway between pump and stopper is a small safety 
bottle, to prevent the tap ii^ter from sucking back into the flask. 


proceeded with. The contents of the trap tube are added to the first 
receiver, and a preliminary titration is made as follows; Add a few 
drops of paranitrophenol solution and run in the standard sodium 
hydroxide until the indicator shows that the free mineral acid is 
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neutralized. Next, add 1 cc. of the phenolphthalein solution and 
continue the titration until the color of that indicator begins to appear. 
The end point will not be sharp, but the amount of alkali used between 
the tw) end points indicates approximately the amount of boric acid 
in the distillate. If the mineral is likely to contain more than 3 or 
4% of B2O3 use 0.5 normal solution, the object being to keep the 
distillate as free from the water as possible and thus facilitate the 
dehydration later on. 

After completing the titration add to the distillate twice as much 
alkali as was used between the two end points, transfer the distillate 
to the second distilling apparatus, and boil off the alcohol. The addi- 
tion of the indicated amount of alkali prevents loss of boron by con- 
verting unstable NaBO-j to stable NasBOjj. 

In the meantime the second distillate of 100 cc. will have collected. 
Unless the alcohol contained water or insufficient calcium chloride was 
used, this second distillate will contain the remainder of the boron. 
Therefore, before removing the receiver stop the distillation. Treat 
the second distillate exactly like the first and then add it to the first. 

If the ainount of alkali used for titrating the second distillate is 
less than 0.1 cc. of the 0.1 normal solution the distillation may be 
regarded as complete. 

When the [iquid from which the alcohol is being distilled no longer 
boils in the steam bath, remove it to a casserole, rinsing the flask once 
or twice with water, and heat over a direct flame, rotating the casserole 
while doing so, until tlie little remaining alcohol has been boiled out. 
The residue should now be small — about 25 cc. if 0.1 normal alkali 
was used and much less if 0.5. If the volume is less than 25 cc. make 
up to that extent. 

Return the solution to the flask and add drop by drop with con- 
stant twirling 1 : 1 hydrochloric acid from a dropping bulb, until the 
color of both indicators is discharged, taking care not to add a drop 
too much. Now put in the “ boiling tube,'' heat the flask in the 
* steam Hath for a minute or two, then attach to the filter pump and 
boil under reduged pressure until the liquid is nearly cold and only 
an occasional bubble appears. 

All carbon Tlioxide being thus removed, break the vacuum, cool if 
necessary under the tap, and proceed to the final titration. 

First neutralize the excess of hydrochloric acid by running in 
carefully 0.5 normal sodium hydroxide until the yellow of parani- 
trophenol ju«t appears. Bring back to acid reaction with 0.1 normal 
hydrochloric acid and then to the appearance of a faint yellow with 
0.1 normal alkali. The solution is now exactly neutral as the indicator 
itself shows this color in a neutral solution.** Make sure that the end 
point is reached exactly. One drop of 0.1 normal acid should dis- 
charge the color entirely. 

Now add 1 gram of mannite, read tJie burette, and continue titrat- 
ing to the end point of phenolphthalein. Add another gram of jnan- 
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nite, and if this causes a disappearance of the end color add more 
alkali until it reappears. 

The number of cubic centimeters of alkali used multiplied by its 
equivalent in terms of B2O3 gives the amount of the latter contained 
in the solution. If the solution of alkali is exactly 0.1 normal tlxis 
equivalent is 0.0035. 

The changes of color that take place during the titration need 
mention. When the mannite (or glycerol) is added to the solution 
the yellow color due to the paranitrophenol disappears at once. This 
is due to the fact that the combination of these reagents with the 
boric acid forrms an acid of sufficient strength to affect the indicators, 
although boric acid alone does not. As the titration proceeds the 
color reappears and grows stronger, becoming very intense just before 
the phcnolphthalein end point appears. The latter will be noticed 
as a faint brownish tinge, and then another drop of the 0.1 normal 
alkali changes it to an intense brownish red, which is the real end 
point. 
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BROMINE 

Br, at.wt. 79.92; sp.gr. 3.1883; m.p. -- 7.3° C. ; b.p. 68.7°C.; acids, HBr, 
RBrO, HBrOs 

OCCURRENCE 

Bromine is found chiefly combined with tlic alkalies and the 
alkaline earths, hence occurs in many saline springs and is a by- 
product of the salt industry. It is found in silician zinc ores, Chili 
saltpeter, in sea water (probably as MgBr 2 ), in marine plants. Traces 
occur in coal, hence it is found in gas liquors. Bromine never occurs 
free in nature. 

The substance is used in metallurgy, the arts, and medicine. It 
is a valuable oxidizing agent for the laboratory. 

DETECTION 

The i)r()duct is dissolved in water and tested. 

Silver Nitfate solution precipitates silver bromide, AgBr, light 
yellow, from solutions containing the bromine anion. The precipitate 
is insoluble in dilute nitric acid, but dissolves with difficulty in am- 
monium hydroxide and is practically insoluble in ammonium carbonate 
solution (distinction from AgCl). 

Carbon Disulphide or Carbon Tetrachloride shaken with free 
bromine solution, or with a bromide to which a little chlorine water 
has been added, (a large excess of chlorine must be avoided, as this 
forms BrCl compound), will absorb the bromine and become a reddish- 
yellow color, or if much bromine is present, a brown to brownish-black. 
In the latter case a smaller sample should be taken to dis'tinguish it 
* from iodine. 

Bromates are first reduced by a suitable reducing agent such as 
cold oxalic acid, sodium nitrate, hydrochloric acid, etc., and the 
liberated bromine tested as directed above. Silver nitrate added to 
bromates in solution precipitates AgBrOa, which is decomposed by 
hydrochloric acid to bromine gas. 

Barium ^hloride precipitates Ba(Br 03 ) 2 , which is reduced readily 
to bromine as directed above. 

Magenta Test for Bromine. — The test reagent is made by adding 
10 cc. of 0.1% solution of magenta to 100 •R'C. of 6% solution of sul- 
phurous acid and allowing to stand until colorless. This is the stock 
solution. Twenty-five cc. of this reagent is mixed with 25 cc. of gla- 
cial acetic acid and 1 cc. of sulphuric, acid. Five cc. of this is used 
in the test. 
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Test. — Five cc. of the magenta reagent is mixed with 1 cc. of the 
solution tested. Chlorine produces a yellow color. Bromine gives a 
reddish-violet coloration. The colored compound in each case may be 
taken up with chloroform or carbon tetrachloride and a colorijnetric 
comparison made with a standard. 

In halogen mixtures, iodine is first eliminated by heating with an 
iron per-salt. Bromine is now liberated by adding sulphuric acid and 
potassium chromate. A glass rod with a pendant drop of sodium hy- 
droxide is held in the vapor to absorb bromine, and the drop then 
tested with the magenta reagent. After iodine and bromine are 
eliminated, chlorine may be tested by heating the substance with 
potassium permanganate, Avhich liberates this halogen. 

Note. The element is a dark, brownish-red, volatile liquid, giving off a 
dark reddish vaj)or with suffor-iting odor, irritating the mutjous membrane 
(antidote dil. N 1 - 140 H, ether), very corrosive. Acts violently on hydrogen, 
sulphur, phosphorus, arsenic, antimony, tin, the heavy metals, and on 

{ )otassiuin, but has no action on sodium, even at 200° V. Bleaches indigo, 
itmus, and most organic coloring matter. It is .a strong oxidizing agent. Bro- 
mine displaces iodine koni ;t« salts, but is displaced by chlorine from its 
combinations. 
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GRAVIMETRIC METHODS 
Preparation and Solution of the Sample 

The following facts regarding solubility should be remembered: 
The element bromine is very soluble in alcohol, ether, chloroform, 
carbon disulpliide, carbon tetrachloride, concentrated hydrochloric 
acid and in potassium bromide solution. One hundred cc. of water 
at 0° C. is saturated with 4.17 grams of bromine, and at 50® C. with 
3.49 grams. The presence of a number of salts increases its solubility 
in water, e.g., BaCL, vSrCli, etc. 

Bromides are soluble in water, with the exception of silver, 
mercury, lead, and cuprous bromides. 

Bromates are soluble in water with the exception of barium and 
silver bromates and some basic bromates. 

PRECIPITATION AS SILVER BROMIDE 

The general directions for determination of hydrochloric acid and 
chlorides apply for determining hydrobromic acid and bromides. 

I. Hydrobromic Acid and Bromides of the Alkalies and Alkaline 
Earths. 

Procedure. — The bromide in cold solution is made slightly acid 
with nitric a(?id and then silver nitrate added slowly with constant 
stirring until a slight excess is present. The mixture is now heated 
to boiling and the precipitate .settled in the dark, then filtered through 
a weighed Gooch crucible, and washed with water containing a little 
nitrw acid and finally with pure water to remove the nitric acid. 
After ignition the silver bromide is cooled and weighed as AgBr. 

AgBr X 0.4256 - Br, or X 0.6337 = KBr. 

II. Heavy Metals Present. 

If heavy metals arc present it is not always possible to precipitate sil- 
ver bromide directly. The heavy metals may be removed by precipitation 
with ammonia, sodium hydroxide or carbonate and the bromide then de- 
termined in the filtrate as usual. 

• 

Notes on Separations 

Separation of Bromine from the Heavy Metals. — Bromides of the 
heavy metals are transposed by boiling with sodium carbonate, the 
metals being precipitated as carbonates and sodium bromide remain- 
ing in solution. • 

Separation of Bromine from Silver (AgBr) and from Cyanides 
(AgCN). — The silver salts are heated to ’fusion. The mass is now 
treated with an excess of zinc and sulphuric acid, the metallic silver 
and the paracyanogen filtered off and the bromine determined in the 
filtrate. 



166 


METALLURGICAL ANALYSIS 


VOLUMETRIC METHODS 

Free hydrobromic a.cid may be titrated with standard alkali 
exactly as is described for the determination of hydrocliloric acid in 
the chapter on Acids. One cc. normal caustic solution is equivalent 
to 0.08093 gram HBr. 


DETERMINATION OF FREE BROMINE. POTASSIUM 
IODIDE METHOD 

The method depends upon the reaction KI -h Br = KBr -j- 1. 

Procedure. — A measured amount of the sample is added to an 
excess of potassium iodide, in a glass-stoppered bottle, holding the 
point of the delivering burette just above the potassium iodide solu- 
tion. The stoppered bottle is then well shaken, and the liberated 
iodine titrated with standard thiosulphate solution. 

One cc. of N/10 thiosulphate, Na 2 S*.Oj = 0.007992 gram Br. 


DETERMINATION OF BROMINE IN SOLUBLE BROMIDES 
LIBERATION OF BROMINE BY ADDITION OF FREE' CHLORINE 

When chlorine is added to a colorless solution of a soluble 
bromide, bromine is liberated, coloring the solution yellow. At boiling 
temperature the bromine is volatilized, the liquid becoming jy^ain 
colorless. When the bromide is completely decomposed and bromine 
expelled, further addition of chlorine produces no color reaction. 
KBr -h Cl = KCl + Br. 

Procedure. — The solution containing the bromide is heated to 
boiling and standard chlorine water added from a burette (protected 
from the light by being covered with black paper), the tip of the 
burette being held just above the surface of the hot bromide solution 
to prevent loss of chlorine. The reagent is added in small portions 
until finally no yellow coloration is produced. From the value per 
cc. of the chlorine reagent the bromine content is readily calculated, 

Standard Chlorine Water. — The reagent is made by diluting 100 cc. 
of water saturated with chlorine to 500 cc. This solution is standard- 
ized against a known amount of pure potassium bromide (dried at 
170° C.), the same amount of bromide being takeu as is liupposed to 
be present in the solution examined. The value per cc. of the reagent 
is thus established. 
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SILVER-TfflOCYANATE-FERRIC ALUM METHOD. (VOLHARD) 

Thg procedure is the same as that used for the determination of 
chlorine. The bromide solution is treated with an excess of tenth- 
normal silver nitrate solution, and the excess of this reagent deter- 
mined by titration with ammonium thiocyanate, using ferric alum 
indicator. One cc. of the thiocyanate should be equivalent to 1 cc. 
of silver nitrate solution. The formation of the red ferric tliiocyanatc 
indicates the completed reaction. Consult the procedure in the 
chapter on Chlorine. 

One cc. of N/10 AgNOs = 0.007092 gram Br. 
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CADMIUM 


Cd»at.wt. 112.4; sp.gr. 8.642; m.p. 320.9° C ; b.p. 778°C.; oxide CdO* 


OCCURRENCE 

Cadmium occurs in small quantities in practically all zinc ores and 
is found in most spelters and commercial zinc materials as sheet zinc, 
zinc oxide, etc. In ores it occurs usually as the sulphide; the rare 
mineral grecnockitc being CdS. The metal cadmium is largely ob- 
tained as a by-product from zinc smelting. It is used in certain alloys, 
as trial jdates for silver coinage and more recently in substitutes for 
tin base-bearing metals. Precipitated yellow cadmium sulphide is 
used as a paint ])igmejii. .^ome dental amalgams contain cadmium. 

('admium is (letermincd, after separation from other elements, by 
weighing ns the suli)hidc or as the metal following electrolysis. As it 
usually occurs in small quantities in the presence of large quantities 
of zinc, several precipitations with hydrogen sulphide^ are necessary 
and the methods must be followed in close detail to obtain accurate 
results. The determination of cadmium is necessary in case of spel- 
ters sold under specified rejection limits, in ores purchased and to be 
smelted for such spelter, and in other zinciferous material where 
cadmium is deleterious to the finished product. The methods *to be 
used for the determination of cadmium in spelter is given under the 
chapter on zinc. 

Minerals. — The element occurs in the rare minerals Greenockite, 
CdS; Cadmiumoxide, CdO; Octavitef Cadmium carbonate. 

DETECTION 

• 

The sample is best dissolved in aqua regia. When the violent . 
action has subsided about 5 cc. of sulphuric acid are* added and the 
nitric acid expelled by evaporation to small volume until white fumes 
of sulphuric acid appear. Water is now added and tests made on 
the solution obtained. 

Hydrogen Sulphide Test. — Cadmium is detected in* the wet way 
by precipitation as the yellow sulphide by hydrogen sulphide frbm an 
acid solution. It is distinguished from arsenic, antimony and tin 
(stannic) by the insolubility of its sulphide in ammonium hydroxide 
or colorless ammonium sulphide; from tin (stannous) by its insolu- 
bility in yellow ammonium sulphide ; and from mercury by its 
solubility in hot nitric acid. • 

Spectrum. — Brilliant Green and Blue Lines. 
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Blowpipe Tests. Heated on charcoal in the reducing flame, cad- 
mium gives a brown incrustation which is volatile. 

The detection of cadmium may be made in the dry way through 
the tube test. This test is carried out in the following manner. A 
piece of hard glass tubing of about 5 mm. bore is scaled at one end. 
From 200-400 milligrams of the fine dried ore is mixed with a reducing 
agent as dry powdered charcoal and introduced into the tube.^ The 
tube is heated just above the mixture of ore and reducing agent and 
drawn out to a capillary of about 1 mm. diameter. The end of the 
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, tube containing the mixture is now heated in the blast lamp and the 
cadmium together with zinc, arsenic, antimony, etc., is volatilized and 
condensed in the capillary in the form of separated rings. The cad- 
mium ring is detected from the others by introducing a little powdered 
sulphur into the tube and heating so that the sulphur vapor passes 
over the rings. The cadmium is converted to sulphide and appears 
red while hot and yellow while cold. Very small amounts of cadmium 
may be detected in this way and it is possible with experience to 
estimate, from the appearance of the ring, either metallic or sulphide, 
the amount of cadmium present. 

^ All metals present in the ore must be in the oxidized state. Sulphide ores 
must be carefully roasted before using in this* test. In the case of metallic sub- 
stances, however, no reducing agent is necessary. 
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Preparation and Solution of the Sample 

Samples of metals, as spelter, cadmium metal, brass, etc., should 
be in the form of drillings, sawings or pourings, taken in a •proper 
manner to be representative of the lot and of sufficient fineness to 
preclude against a nonrepresentative sample lieing weighed for analysis. 
The samples of ore or fine material should be ground to pass a 100- 
mesh screen. Metallies, if also present, are kept separate from the 
fine material which passes through the screen, and in weighing out 
the sample, proportional amounts of each arc taken. 

Metallic cadmium is slowly soluble in hot moderately dilute 
hydrochloric acid or sulphuric acid, much more readily in nitric acid. 
It is soluble in ammonium nitrate. The oxide is soluble in mineral 
acids. 

Solution of Ores. — Details of the procedure may be found under 
the gravimetric methods for determining cadmium. Decomposition 
may be best effected by adding hydrochloric acid, allowing this to 
react and following tlil^ vv.ih nitric acid. Or aejua regia may be 
added at once. 

If lead is present it is advisable to add 5-0 cc. of concentrated 
sulphuric acid after the hydrochloric-nil ric acid treatment and to 
evaporate to fumes. .A.ftcr cooling, water is added and the mixture 
digested on the water bath until the soluble salts are in solution. 
Lead sulphate is filtered off and washed with dilute sulphuric acid 
1: 15. The filtrate is used for the determination of cadmium. 

Carbonates are reailily dissolved in hydrochloric acid. Evqtpora- 
tion to dryness is necessary, generally, to dehydrate silica and remove 
it from the mixture. The residue is taken up with dilute HCl in the 
usual way, Si 02 remains insoluble and is filtered off. 

Alloys are be.st dissolved in hydrochloric-nitric acid mixtures, 
followed by sulphuric acid. The nitric acid is expelled by evaporation 
to fumes and the method followed above described for sepafation of lead. 

The separation of cadmium may be nmde from lead since cadmium 
sulphate is soluble in dilute sulphuric acid while lead* sulphate is not; 
from bismuth since ammonium hydroxide precipitates bismuth hy- 
droxide but holds cadmium in solution, and from copper by passing 
hydrogen sulphide into the solution containing potassium cyanide 
which prevents the precipitation of copper sulphide but not cadmium 
sulphide. 
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GRAVIMETRIC METHODS 
DETERMINATION AS CADMIUM SULPHIDE 

• 

Procedure for Ores. — A 10 gram sample of the finely pulverized ore 
is weighed out into a 400 cc. beaker, rnoLstened with water and 50 cc. 
of aqua regia carefully added. When violent action has stopped, 
the beaker is placed on a warm plate to complete decomposition. 
The cover glass and sides of beaker arc washed down with water, 
25 cc. of sulphuric acid (1:1) added and evaporation carried to 
fumes. Water (100 cc.) is added, boiled until all soluble salts are 
dissolved, and the residue filtered off, and washed, using suction. 

A steady stream of hydrogen sulphide is passed for 30-40 minutes 
through the filtrate, which should liave a volume of approximately 
300 cc. After all iron in solution has been reduced, ammonium hydrox- 
ide is added 1 cc. at a time until a heavy precipitation of zinc sulphide 
has taken place.' The precipitate is allowed to settle, the clear solu- 
tion decanted and finally the bulk of the precipitate transferred to 
a 15 cc. paper, and washed with cold water. The sulphides on the 
paper are dissolved with hydrochloric acid (1:2) catching the solu- 
tion in a clean beaker. Any precipitate adhering to the sides of the 
original beakci;, is also dissolved off and ])oured into the filter. After 
all zinc sulphide has been dissolved, the paper is washed three more 
times with the hydrochloric acid.^ To the solution 15 cc. of sulphuric 
acid are added and evaporation carried just to fumes. Water is added 
(200 ^cc.) and hydrogen sulphide passed through as before. Am- 
monium hydroxide should be added one drop at a time, only to start 
the precipitation of cadmium sulphide. This precipitate is filtered 
off, redissolvcd as previously and a third precipitation made.^ Before 
making the final precipitation, the solution should be allowed to 
stand, and any lead sulphate filtered off. The final precipitate of 
cadmium sulphide is filtered on a weighed Gooch crucible. 

• The cadmium sulphide on the Gooch crucible need only be washed 
once or twice, \i at all, as it usually receives sufficient washing in 

• the transfer to the crucible, and in the scrubbing and washing out 
of the beaker. * After drying at 110® C. for 1 hour, the crucible is 
cooled, weighed and the cadmium calculated from the difference in 
weights. 

CdS X .778 = Cd. 


' The solution should always be sufficiently acid so that no iron, etc., pre- 
cipitates. • , 

® This strength of arid will leave on the paper as an insoluble residue all 
the As, Cu, and Hg, mo.st of the Sb, and somci of the Bi and Sn. The second 
precipitation of CdS should free the Cd of the rest of the Sb, but not the Bi or Sn. 

^ It is necessary to make three or even four precipitations of cadmium sul- 
phide in order to free it completely of zinc. 
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Note. It is seldom that bismuth and tin will be encountered in making a 
determination for cadmium so that the procedure for removing these elemente 
need rarely be used. Cadmium sulphide precipitated from sulphuric acid is 
bright yellow to orange. If the precipitate is brown in color, bismuth and tin 
stioulcl be looked for and removed. 

A very retentive filter paper must be used for the cadmium sulphide 
precipitates. 

In dissolving the cadmium sulphide precipitates from the filter paper, the 
funnel should be covered to guard against loss by spraying. The number of 
treatments with hydrochloric acid depends upon the amount of sulphides on 
the paper. The paper may be finally washed with water after all sulphides 
have dissolved, if de.sirod. 

It is not absolutely necessary to wash the final precipitate of cadmium ^1- 
phidc on the Gooch, as this has been accomplished in the transfer of t^e 
precipitate from th» beaker. This has been included in the methods to safe- 
guard against free acid remaining on the Gooch 


DETERMINATION AS SULPHATE 

The final precipitate of cadmium sulphide is dissolved with hydro- 
chloric acid, and evaporated to dryness in a weighed platinum crucible 
or dish. A slight excess of dilute sulphuric acid is poured over the 
residue and evaporated over a steam bath or warm plate. The excess 
of sulphuric acid is driven off by heating in an air bath^ or in a muffle 
heated below a dull red heat. For an air bath, the crucible or dish 
may be placed in a larger vessel, and this outer vessel heated to red- 
ness. CdS 04 X 0.5392 = Cd. 


ELECTROLYTIC DETERMINATION OF CADMIUM 

The final precipitate of CdS is dissolved and the cadmium deter- 
mined elcctrolytically as given under cadmium in spelter. Chapter on 
Zinc, or if the amount of cadmium is large the electrolytic determina- 
tion is best carried out with a potassium cyanide electrolyte. The 
hydrochloric acid solution of cadmium, after separation of interfering* 
elements is taken to fumes wdth sulphuric acid, a* drop of phcnol- 
phthalein added for indicator, and a pure solution of s(wlium hydroxide ' 
added until a permanent red color is obtained. A strong solution of 
potassium cyanide is added drop by drop until the cadmium hydrox- 
ide just dissolves, avoiding any excess. The solution is diluted to 
100 cc. with water, electrolyzed cold using a gauze elec^trode with a 
current of 0. 5-0.7 ampere and voltage of 4. 8-5.0* • At the end of 5-6 
hours the current is increased to 1-1,2 amperes and electrolysis con- 
tinued for an hour more.*i The electrode is removed from the solution 
the instant the current is broken and immediately washed with water, 
followed by alcohol and ether. After drying at 100® C,, the electrode 
db cooled and weighed. Prolonged heating of the deposit should 
be* avoided. 
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Rapid deposition can be effected by means of the rotating anode 
(600 revolutions per minute). The solution of cadmium sulphate 
containing 3 cc. of* H 2 SO 4 (1 : 10 ) per 150 cc. The solution, heated 
to boiling, is electrolyzed with a current of N.D.ioo = 5 amperes, E.M.F. 
« 8-9* volts. Fifteen minutes is sufficient for the deposition of .5 
gram of cadmium. 

Notos. Before washing and discontinuing the current, it is advisable to 
add a little water to raise the level of the liquid and continue the electrolysis 
to ascertain whether the deposition is complete. 

Traces of cadmium may be estimated in the above solution by saturating 
this with H2S and comparing the yellow-eolored colloidal cadmium sulphide 
solution with a known quantity of cadmium and the same amounts of potassium 
hydroxide and cyanide as in the solution tested. 
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INDUSTRUL PRODUCTS AND RAW MATERIALS 
SULPHIDE METHOD FOR CADMIUM 

The determination of cadmium in spelter is best carried dut by 
either of the two following methods, according as the amount to 
be determined is low or high. 

Cadmium in Spelter (Cd. — .001 % to .02 %) 

A sample of 500 grams is taken and placed in a 2000 cc. flask 
with 500 ec. of water and 100 cc. (d 1 : 1 sulphuric acid. Sulphuric 
acid(l:l) is added in small quantities from time to time, to main- 
tain solution of tlie zinc (but never any violent action), until about 
90% of the sample has been dissolved. This requires about 750 cc. 
of 1 : 1 sulphuric acid. When the evolution of hydrogen has become 
slow, after the last addition of acid, the solution is filtered off, retain- 
ing as much of the undissolvcd mctallics as povssible in the flask. 
The inetallics are washed twice with water, decanting and pouring 
the small amount of residue on the filter. The material on the filter 
is then washed from the papier into the original flask and all dissolved 
in nitric acid. The solution is washed into a COO cc. beaker and 
sufficient sulphuric acid (1:1) added to convert all the metals present 
to sulphates, leaving an excess of free acid of 10-15 cc. * This requires 
about 95 to 100 cc. of acid. The solution is evaporated until all 
nitric acid has been expelled. 

After cooling, water is carefully added and the beaker heated until 
all the soluble salts have been dissolved. The lead sulphate is allowed 
to settle, filtered off and w^ashed. Enough water must be added to 
keep all zinc sulphate in solution after cooling. Hydrogen sulphide 
is passed tln-ough the filtrate for 15-20 minutes. No precipitate will 
appear at first, so that a droj) or tw'o of ammonia is added and re- 
peated at intervals until a considerable amount of zinc 'sulphide has 
been precipitated. The sulphides arc then filtered off and Vashed 
with cold water. The film of sulphides on the sid^ of the original 
beaker and the sulphides on the paper are dissolved in 1:2 hydro- 
chloric acid, washing with water, and catching the sofhtion in a tall 
400 cc. beaker, 15 cc. of 1:1 sulphuric acid are added and evapora- 
tion carried down to fumes. After cooling, 200 cc. of water are added, 
hydrogen sulphide passed through and ammonia added as above to 
produce a precipitate of cadmium sulphide. The precipitate is treated 
as before and a third precipitation made. In the' case of very low 
cadmium, a fourth precipitation is advisable. The last precipitate 
is filtered at once on a Weighed Gooch crucible, washed with cold 
water, dried at 110® C. and weighed as CdS or the cadmium may 
be weighed as metallic cadmium, by dissolving the last precipitate 
and electrolyzing as given by 4he following method: 
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, The last precipitation of cadmium as,CdS is filtered off, washed 
with cold water, and dissolved in dilute hydrochloric acid as in 
previous precipitations, catching solution and washings in original 
beaker- Twenty-five cc. of 1:1 sulphuric acid are added and 
evaporation carried to dense fumes. After cooling, a small amount 
t)f water is added, the solution neutralized with ammonia (using 
methyl orange as indicator), then made just acid with sulphuric acid 
(sp.gr. 1.09) and 3 cc. added in excess. The solution is then trans- 
ferred to a 250 cc. beaker, (washing out the original beaker), diluted 
to cover the cylinder (beaker J full), and electrolyzed over night using 
a current of one ampere. The cylinder with cadmium deposit is 
removed, washed with water and alcohol, dried at 110° C., removed 
from oven as soon as dry, cooled and weighed. 


Cadmium in Spelter (Cd — 0.2% to 1.0%) 

A sample of 10 (or 25) grams is taken and entirely dissolved in 
a tall 400 cc. beaker with nitric acid, the solution then treated with 
25 (or 50) cc. of 1:1 sulphuric acid and evaporated to expel all 
nitric acid. After cooling, water is carefully added and the beaker 
heated until all the soluble salts have been dissolved. The lead sul- 
phate is allo\^ed to settle, filtered off and washed. The filtrate is 
diluted to 200 cc. and hydrogen sulphide gas passed through for 16-20 
minutes. No precipitate will appear at first, so that a drop or two 
of ammonia is added and repeated at intervals until a considerable 
amount of zinc sulphide has been precipitated. The sulphides are 
filtered off and washed with cold water. They are then dissolved with 
1:2 hydrochloric acid, catching in the original beaker, 15 cc, of 
1 : 1 sulphuric acid added and taken to fumes. This is again diluted 
to 200 cc., hydrogen sulphide gas passed through, and ammonia added 
as before to produce a precipitate of cadmium sulphide. This is 
treated as above and a third precipitation made. The cadmium sul- 
phide from this is filtered at once on a weighed Gooch, washed with 
cold water, dried at 110° C., and weighed as CdS, or the cadmium 
may be weighed as metallic cadmium, by dissolving the last precipi- 
tate and electrolyzing as given in previous method. 

Notes on Separations 

^ Removal of Silica. — Evaporate with hydrochloric acid or sulphuric 
acid, .and filter off the dehydrated silica, using suction. 

Removd of Lead. — Evaporate to fumes with sulphuric acid, cool, 
take up with water, warm until all solubile salts are dissolved and 
allow to stand until all lead sulphate settles. By using sulphuric 
acid to dehydrate the silica, lead and silica may be separated together. 
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Separation from Ammoipum Sulphide Group, Except Zn, Alkaline 
Earths, and Alkalies. — The solution from lead and silica separation 
containing 12 cc. of sulphuric acid (1:1) per 10(1 cc. of solution is 
saturated cold with hydrogen sulphide, passing a steady stream for 
20-30 minutes, and after the first 5 minutes adding a drop W am- 
monium hydroxide until zinc sulphide precipitates in quantity. It 
is necessary to add ammonium hydroxide to bring down zinc in 
order to assure the complete precipitation of cadmium. The precipi- 
tate of sulphides is filtered off and washed with cold water. 

Removal of Arsenic, Antimony and Tin. — The precipitate on the 
filter is washed with ammonium hydroxide or colorless amraonitim 
sulphide, dissolving out the arsenic, antimony and tin (stannic). If 
tin in the stannous condition is found to be present, yellow ammonium 
sulphide must be used. Arsenious sulphide is y)ractically insoluble in 
the hydrochloric acid used in dissolving the cadmium sulphide. Anti- 
monious sulphide is also only slightly soluble, so that these sulphides 
remain behind in carrying out the analysis. 

The sulphides of tin, however, are soluble in the hydrochloric acid 
and must be removed I'cro^c the final precipitation of cadmium 
sulphide. 

Removal of Bismuth, Copper and Mercury. — Bismuth is not re- 
moved in the course of analysis as its sulphide is soluble in hydro- 
chloric acid and hence it must be removed by preiipitating with 
ammonium hydroxide before the final precipitation of cadmium is 
made. Copper sulphide is, however, practically insoluble in the 
hydrochloric acid used and remains behind when dissolving the first 
precipitations of cadmium sulphide, so that the use of potassium 
cyanide need seldom be resorted to. Mercuric sulphide is practically 
insoluble in cold hydrochloric acid (1:2) and is leR behind in carry- 
ing out the analysis. 

Separation from Zinc. — Cadmium is separated from the accompany- 
ing zinc by successive precipitations with hydrogen sulphide, each 
time bringing down less zinc, until finally only cadmium is j)recipi- 
tated. In the presence of a large quantity of zinc it is not possible 
to precipitate all cadmium with the acidity required to prevent the 
precipitation of any zinc sulphide. , 
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CALCIUM 

Ca, at.wt. 40.07; sp.gr. 1.6446 ; m.p. 810®»C.; oxide, CaO 

The determination of calcium is required in the complete analysis 
of ores. It is of special importance in the analysis of mortar, cement, 
bleaching powder, plaster of Paris, certain paint pigments, calcium 
bicarbonate in water, boiler scale, etc. 

OCCURRENCE 

It is estimated that 3.47 per cent of the earth’s crust is made up of 
calcium. The clement does not occur free in nature. It occurs com- 
bined in a very large number of minerals some of which are found 
in immense deposits. As oxalate it occurs in plant cells. It is found 
in nearly all mineral springs, artesian wells, and river waters, prin- 
cipally as bicarbonate of calcium, CaHCOg. Among the more 
important minerals are the following; 

Mmetals.^r- Fluorite, (Fluor Spar), CaF 2 occurs usually in glassy 
transparent cubes of clcavable masses, colorless but more often wine- 
yellow, green, violet, blue or brown or black varieties; or massive 
zigzag strips of different colors; brittle; streak white; hardness 4. 

(Mcite, (Limestone, Marble, Iceland Spar) CaC’Os. Colorless, 
white, pale shades of red, green and blue; transparent to opaque; 
vitreous to dull lustre; brittle; white streak; hardness 3. Crystals 
rhombohedral, cleavable, coarse, fine grained or fibrous masses, i 

Dolomite, (Pearl Spar, Magnesian Limestone), CaCOa-MgCOa, 
small, pearljr white, pink or yellow rhombohedral crystals, with curved 
faces, frequently white marble with coarse or fine grain, or gray, 
brown or black. Translucent to opaque; brittle; white streak; 
hardness 3.5“4.* 

Aragonite, ^Flos Ferri) CaCOj, white, violet, yellow or pale green, 
translucent or transparent, simple or pseudohcxagonal, needle-like, 

1 Other mirierals. Labradorite, Oligoclase, Andesite, mixtures of NaAlSiaOs 
and CaAl2Si208; Anorthite, CaAl2Si208^ Pyroxene, CaMg etc. silicate; 
Wollastonite, ~ 
silicate; 

CaaCf2(Si04)3. 

Vosuvianite, Ca6[Al(0H,F)]Al2(Si04)5; Danburite, CaB 2 (Si 04 ) 2 ; Datolite, 
HCaBSiOs; Zoisite, Ca 2 (A 10 H)Al 2 (Si 04 ) 3 ; Epi4)te Ca 2 [(Al.Fe)OH](Al.Fe) 2 - 
(Si 04 )a; Axinite, CaAl borosilicate; Prennite, H 2 Ca 2 Al 2 (Si 04 ) 3 ; Ilvaite, 
0aPei(FeOH)(SiO4)2, Apophyllite, H7KCa4(Si03)8.4 1 / 2 H 2 O; Heulandite, 
H40aAl2(SiOj)6.3H2O; Stilbite, (Na2Ca)H4Al2SioOi8.4H20; Chabazite, (CaNa 2 )- 
Al2Si40i2.6H20; Titanite, CaTiSiOft; .^^tite, Ca 4 (CaF)(P 04 ) 3 ; Colemanite, 
Ca8Be0u.5H20; Glauberite, Na2S04.CaS04; Scheelite, CaW 04 . 



108 METALLURGICAL ANALYSIS 

stalactic »and coral-like crystals; white streak; brittle; hardness 

3.5- 4. 

AnhydritCy CaS 04 , granular, sugar-like, or fibrous and lamellar 
masses, white, gray, bluish or red crystals; translucent to qnaque; 
with pearly lustre; white streak; brittle; hardness 3-3.5. 

GypHuniy CaS 04 . 2 H 20 , soft, colorless, white or tinted masses, 
silky transparent to opaque crystals, clcavable into plates and strips 
or monoclinic form; brittle, laminae flexible; white streak; hardpess 

1.5- 2. 


DETECTION 

The sample is dissolved in hydrochloric acid and the tests made 
on portions of the solution thus obtained, the insoluble matter bcipg 
filtered off. For further preparation of the solution including the 
separations see Detection under Barium. 

In the usual course of qualitative and quantitative analysis cal- 
cium passes into the filtrates from the elements precipitated by hydro- 
gen sulphide in acid and alkaline solutions (Ag, Hg', Hg", Pb, Cu, 
Cd, As, Sb, Sii, Fe, Cr, Al, Mn, Ni, Co, Zn, etc.), and is precipitated 
from an ammoniacal solution by ammonium carbonate as calcium 
carbonate, along with the carbonates of barium and strontium. The 
separation of calcium from barium and strontium is considered under 
Separations. The oxalate of calcium is the least soluble of the alkaline- 
earth group.' All, however, are soluble in mineral acids. Calcium 
oxalate may be precipitated from weak acetic acid solution by am- 
monium oxalate. 

Flame Test. — The flame of a Bunsen burner is colored yellowish 
red when a platinum wire containing calcium salt moistened with 
concentrated hydrochloric acid is held in the flame. 

Spectrum. — An intense orange and green line with a less distinct 
violet line. Note chart of the spectra of the alkaline earths. Plate II. 

See chapter on Barium under Preliminary Tests. 

1 Solubility: CaCsOi HjO « 0.000.554 gram per 100 cc. H 2 O. BaC204.H20 
» 0.0093 gram. SrCzO^.HjO * 0.0051 gram. MgC 204 . 2 H 20 » 0.07 gram. 
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Rapid PreliiTiinary Rjcamination for Barium, Strontium, 
and Calcium 

Male a mixture of the (‘hloride solutions of barium, strontium, and calcium, 
uaip p; about 5 cc. of each. Divide into three portions, A , B, C\ 

A. Caldum Sulphate test B. Deteclimi of B^ C. Detection of Cal- 
for Strontium and Barium Inww and Strontium %h cium in a mixture of the 
Add about four vol- \a mixture. soluble salts of the group. 

umes of a saturated aolu-, Test A indicates thi Add a few drops of 
tion of CaS04 to portion Ipresence of strontium or H 2804 as long as a pro- 
A. The precipitate eon-, barium or both. Testcipitate forms. Filter 
sists of BaS04 and is to detect each. Add and to the filtrate add 

These sulphates are both o the solution a slight NH4OH to alkalinity 

less soluble than that of| xcess of K2CM)4. A and then a solution of 

calcium. yellow precipitate indi-|(N 114)20204. A fine, 

atea BaCr04. Filter white precipitate insolu- 

iind add to the filtrate |ble in dilute acetic acid 
|2-3 cc. of a saturated ’ CaC204. 
lolution of C'aS04. A 
w^hit^i precipitate indi-j 
■atos flic presence of| 

•strontium. 


. SUGGESTIONS FOR THE STUDENT 

The student is referred to the gravimetric method on page 170 
and the volumetric method on page 173 for the determination of 
calcium. Use a water soluble salt for practice and follow up with 
limes*kone or dolomite or gypsum. 
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GRAVIMETRIC DETERMINATION OF- CALCIUM 

PRECIPITATION OP CALCIUM OXALATE AND IGNITION cTO 
CALCIUM OXIDE 

Calcium oxalate is precipitated from feebly ammoniacal solutions 
or from solutions acidified with acetic, oxalic, citric, or salicylic acids, 
by means of ammonium oxalate. The presence of ammonium chloride 
hinders precipitation of magnesium and does not interfere with '^hat 
of calcium. If, however, much magnesium (or sodium) is present 
it will contaminate the calcium precipitate so that a second precipi- 
tation is necessary to obtain a pure product. The compound formed 
from hot solutions is crystalline or granular and filters readily, whereas 
the flocculent precipitate formed in cold solutions does not. Calcium 
oxalate, CaC 204 .H 20 , decomposes at red heat to CaO, in which 
form it is weighed. 


Solution of the Sample 

Solution of Gypsum, Plaster of Paris, Sulphates, Limestones, 
Dolomites, Magnesites, Cements, Lime, etc. — One gram of the 
powdered material is digested in a 250 cc. beaker with cc. of water, 
10 cc. of concentrated hydrochloric acid, and 5 cc. of nitric acid 
(sp.gr. 1.42). The beaker is covered to prevent loss by effervescence. 
When the violent action has subsided, the sample is placed on a hot 
plate and boiled for a few minutes. The watch-glass is rinsed into 
the beaker and the solution filtered. The residue is washed, dried 
and ignited in a platinum crucible, and then fused with a little sodium 
carbonate or bicarbonate. The cooled fusion is dissolved in hot dilute 
hydrochloric acid, the liquid added to the main solution and calcium 
determined by precipitation as calcium oxalate, after removal of 
silica, iron, alumina, etc. 

Separations. Removal of Silica. — The solution pbtained by the 
above procedure is evaporated to dryness and the silica dehydrated 
at 110° C. for an hour. The residue is now extracted with dilute 
hydrochloric acid. Silica remains insoluble and may be filtered off. 
The solution contains lime, together with iron, alumiha, magnesia, 
etc., as chlorides. 

Removal of Iron and Alumina. — The filtrate fisom the silica residue 
is treated with a few drops of nitric acid and boiled to oxidize the 
iron. Ammonia is now added cautiously until the solution just smells 
of it (a large excess ovef that required to neutralize the acid and 
combine with iron and alumina, will tend to dissolve Al(OH) 3 ). The 
precipitated hydroxides are allowed to settle and then filtered hot 
through a rapid filter and washed with hot water. Calcium, together 
with ^magnesium, is in solution and passes into the filtrate. 
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Calcium may be precipitated in presence of iron. Sec procedures 
on page 173. 

Removal of Copper, Nickel, Cobalt, Manganese, Zinc, and Ele- 
ments ^Precipitated as Sulphides in Acid and Alkaline Solutions.— 

This separation is seldom required in lime-bearing ores. In analyses 
of pyrites and certain other ores, containing members of the hydrogen 
sulphide and ammonium sulphide groups, the removal of these im- 
purities is necessary. 

The solution from the residue of silica is made slightly aramoniacal 
and HaS passed into the solution to saturation (or ammonium sulphide 
may be added). The pr(,cipitated sulphides are filtered off from the 
solution heated to boiling. The filtrate containing the calcium is 
boiled down to 50 to 75 cc. and the precipitated sulphur removed 
by filtration. Calcium is determined in the filtrate by precipitation 
with ammonium oxalate or oxalic acid. The filtrate should contain 
sufficient ammonium chloride to hold magnesium in solution in pres- 
ence of ammonium oxalate. 

1. General Procedure. — The following method is applicable to 
substances commonly examined for calcium. Decomposition having 
been effected by treating the material with HCl, HNO3, H<i804 and 
taking to fumes (accomplished quickly in a flask over a direct 
flame), the coi)led mass is treated with about 5 cc. HCl and 100 cc. 
of water. Lead will be largely thrown out as PbSOi, silicon as Si02. 
A few drops (1 cc.) KA-rL-O? (saturated solution) are added to insure 
the precipitation of lead, 25 cc. of Br water are added and just 
sufficient ammonia to make the solution ammoniacal. The solution 
is boiled for about 5 minutes, Mn, Fe, A1 arc precipitated. The 
combined precipitates arc now filtered off. 

Note. If much Mn i.s evident by a dark colored precipitate, it is advis- 
able to treat the filtrate with more Br and NH 40 H and refilter if a precipitate 
forms, 

2. The residue containing the Si, Pb, Mn, Fe and A1 is washed 
with a 2% solytion of NH4CI, six times. The filtrate contains all 
of the calcium (and magnesium) free from substances commonly 
interfering in fts determination. 

Note. If HaS has been used in the removal of elements in the previous 
group the filtrate is boiled to remove the gas, the solution having been made 
acid with HCl. 

3.. Precipitation .* — The filtrate containing the calcium is made 
ammoniacal and then an excess of ammonium oxalate is added 
(theoretically 1 cc. of 4% (NH 4 ) 2 C 204 .H 20 iprccipitates 0.0158 g. CaO, 
in practice at least twice this amount is recommended) and the solu- 
tion heated to boiling and boiled 5 to 10 minutes. 

4. The precipitate is allowed to sey;le (preferably in a warm place) 
and the clear supernatant solution is tested for calcium by addition 
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of more oxalate reagent to be sure that a sufficient amount has been 
added. 

5. The clear solution is decanted through a filter and the oxalate 
in the beaker washed twice by decantation. If the sample contains 
much magnesium it is advisable to dissolve the precipitate by adding 
water and just sufficient HCI to effect solution. The acid solution 
is poured through the filter into a clean beaker. The filter washed 
three times with water and once with dilute NH 4 OH (2% solution). 

C, The filtrate is madi‘ animoniacal (the calcium oxalate repre- 
cipitates) and 5 to 10 cc. ammonium oxalate reagent added. The 
mixture is again heated to boiling, allowed to settle and the oxalate 
filtered off and washed at least .six times with hot water. 

7. The pure calcium oxalate is ignited in a weighed crucible 
(drying being unnecessary) cautiously over a low flame until the 
paper is consumed and finally over a blast lamp until the weight is 
constant. 

(An electric furnace may be used to advantage for this ignition.) 

8. The resulting residue is weighed directly as CaO. 

Factors. CaO X 6.7140 = Ca, orX 1.7847= CaCOaor X 2.428 =CaSOi. 

Notes. Calcium sulphate, gypsum, will not yield readily to the acid 
treatm^it for decomjjosition; a fusion with sodium carbonate is necessary. 
If platinum crucibles arc not available nickel or iron may be used. In this 
case the fiused mass (spread over the sides of the crucible) ts best dissolved 
by adding dilute HCI inside the vessel, placed within a beaker, rather than 
dipping the entire crucible in dilute acid. This will minimize the action of 
the acid on the crucible. The beaker should be covered to prevent loss by 
effervescence. 

Since C^aO absorbs moisture and COj it should be weighed as soon as 
possible after ignition. 

Cahiium oxalate dried at 100® C. contains one molecule of water. At 200° C. 
the water is eliminated. At 500° C. the oxalate begins to decompose with 
formation of CaCOa. At bright red heat the carbonate breaks down to CO 2 
and CaO. 

Separation of Calcium from Barium and from Strontium. — The alkaline 
earths are converted to nitrates, all moisture expelled by heat, and calcium 
nitrate extracted from the insoluble nitrates of barium and strontium by a 
mixture of anhydrous ether and absolute alcohol, in equal parts, or by boiling 
the (ky nitrates in amyl alcohol (6.p., 137.8°C.). Details of the procedure 
are given under Separations of the Alkmine Earths in the chapter on Barium. 

If preferred the oxalate may be precipitated from a solution con- 
taining acetate by adding 10 ec. of acetic acid to the neutral solution, 
followed by oxalic acid and the ammonia until alkaline. 
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VOLUMETRIC DETERMINATION OF CALCIUM 

TITRATION OF THE OXALATE WITH PERMANGANATE 

Thi| procedure may be applied successfully in a great variety of 
instances on account of the readiness with which calcium oxalate 
may be separated. In the presence of iron, alumina, manganese, 
magnesia, etc., it is advisable to make a reprecipitation of calcium 
oxalate to free it from adhering contaminations. 

The following reaction takes place when potassium permanganate 
is added to calcium oxalate in acid solution: 

5CaCz04 + 2KMn04 + 8 H 2 SO 4 = 5CaB04 + K 2 SO 4 + 2MnS04 
d" IOCO 2 + 8 H 2 O. 

Procedure. — Calcium oxalate, obtained pure, by precipitation and 
washing according to directions given under the gravimetric deter- 
mination of calcium, is washed into a flask through a perforation 
made in the filter paper, the filter is treated with a little warm, dilute 
sulphuric acid ^ and the adhering oxalate dissolved and washed into 
the flask. About 23 cc. of dilute sulphuric acid, 1:1 is added and 
the solution diluted to 250 to 300 cc. 

When the precipitate has dissolved, the solution warmed to 60 
or 70® C. is titrated with standard potassium permanganate, added 
cautiously from a burette with constant agitation, until a faint per- 
manent pink color is obtained. 

One cc. N/10 KMnOi = 0.0020 gram Ca,* or X 0.0028 - CaO. 

Factors. Ca X 1.3993 = CaO or X 2.4974 * CaCOs or X 3.3975 
« CaS 04 or X 2.581 = Ca 3 (P 04 )z. 

Phosphate Rocks, Calcium Phosphate, etc. 

Determination of Lime in Presence of Phosphates, Iron, and Alumina. — 
Should phosphoric acid be present in the solution, calcium will be precipitated 
as a phosphate upon making the solution neutral or slightly alkaline with am- 
monia, and will remain with iron and alumina precipitates. 

Precipitation of Calcium Oxalate in Presence of Iron and Alumina. — The 
solution eontaining the phosphates freed from silica is oxidized by boiling with 
nitric acid as usual. Ammonia water is added to the cooled solution until a 
slight precipitate farms, and then citric acid is added in sufficient quantity to 
ju^ dissolve the precipitate. If this does not readily occur, additional ammonia 
IS added^ followcd'by citric acid until the solution clears, then about 15 cc. of 
citric acid in excess. The solution is diluted to 200 cc. and heated to boiling. 
Calcium oxalate^ is now precipitated by addition of ammonium oxalate. Iron 
and alumina remain in solution. 

Citric acid, 70 grams of the acid, HaCeHsOz.HzO, in a liter of water. 

Wiper’s Solution, v- In place of citric acid, the following solution may be 
used. Twenty-five grams of citric acid and 1 gram of salicylic acid are dissolved 
in water and made to 1000 cc. Twenty-five to 50 cc. of tnis reagent is effective 
in preventing precipitation of iron and alumina. ^ 

» HCl in moderate quantity may be used in place of sulphuric acid without 
danger of liberating free chlorine as is the case in presence of iron. Fleischer. 

* From the reaction 2KMn04, equivalent to 50 or lOH, reacts with SCaCzOi 
and 5Ca « (5x40) + 10 « 20. A normal solution of calcium * 20 grams Ca per 
liter. One cc. N/10 solution * 0.002 gram Ca. 
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INDUSTRIAl PRODUCTS AND RAW MATERULS 

Rapid Method for Chemical Analysis of Portland Cement ^ 

Before submitting the cement to a chemical analysis it should be 
passed through a No. 100 test sieve to free it from pieces of clinker 
too large to be quickly attacked by the acid. 

Weigh 0.5 gram of cement into a wide platinum or porcelain dish. 
The former is the more expensive of the two, but it is a better con- 
ductor of heat and there is no danger of contaminating the solution 
with silica, etc., from the dish, if the evaporation is conducted in 
platinum. The silica can also be entirely removed from a platinum 
dish. Now stir up the sample of cement in the dish with 10 vc. of 
cold water until all lumps are broken up, and add immediately 10 cc. 
of cold dilute hydrochloric acid (1 : 1). Place the dish on a water 
bath and evaporate to dryness, stirring occasionally. The water 
bath will evaporate as fast as anything else and there is no danger 
of silica spattering, winch it is apt to do, unless the operation is 
very carefully watched, when a hot plate is used. As soon as the 
contents of the dish are dry, cool, add 10 cc. of dilute hydrochloric 
acid and 30 cc. of water, digest five or ten minutes on the hot plate, 
filter and wash ten times with hot water. I^vaporAte the filtrate 
to dryness. Cool, add 10 cc. of dilute hydrochloric acid and 50 
cc. of water to the contents of the dish, cover with a watch-glass 
and digest on the hot plate for five or ten minutes. Filter off the 
slight residue of silica on a 9-cm. filter, wash well (seven to ten ^dmes) 
with hot water and put in a weighed platinum crucible together with 
the silica obtained from the first filtration. Ignite over the Bunsen 
burner until all the filter paper is consumed and then ignite strongly 
over a blast lamp for ten minutes. Cool in a desiccator and weigh 
as Si 02 ; multiply the weight by 200 for per cent of silica, Si 02 . 

Heat the filtrate to boiling and add a faint but distinct excess 
of ammonia. This can be most conveniently done by means of a' 
bottle, fitted with a siphon tube, the end of which terminates in a 
jet, connected to it by a short piece of rubber t^ubing, which is 
closed by a pinch cock. The bottle stands on a shelf over the reagent 
table, and the siphon extends to within six inches of .the surface of 
the table. The beaker is placed under the jet, and the ammonia can 
be very carefully and conveniently added by pressing the pinchcock. 
After adding the ammonia replace the beaker dn. the Hot plate and 
boil for five minutes. Remove from the hot plate and allow the pre- 
cipitate to settle. Filter^onto an 11 cm. filter paper and wash once 
with hot water to collect the precipitate in the cone of the filter. 
Invert the funnel over the beaker in which the precipitation 

^ Method used in the labori^toiies of most cement companies and for 
routine work. 
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was made and wash practically all of the precipitate into this, allow- 
ing the filter to remain in the funnel. Dissolve the precipitate in 
20 cc. of 10% nitric acid (1:10) and dilute the solution to 100 cc. 
Heat t^ boiling and reprecipitate with ammonia as before. Boil for 
five minutes, allow the precipitate to settle and filter through the 
same filter paper as used for the first precipitation. Wash once with 
hot water. Ignite carefully in a weighed crucible over a Bunsen 
burner and finally blast for five minutes. Cool and weigh as combined 
oxides of iron and alumina, FcoO* -f AI2O3. This precipitate also 
contains manganese dioxide, phosphoric and titanic acids, all of which 
are present in small quantities in the cement. Determine the iron 
oxide as directed further on, and deduct from the combined weights 
for the alumina, AI2O3 (phosphoric acid, titanic acid, etc.). 

Make the filtrate from the iron and alumina alkaline with am- 
monia; boil and add 20 cc. of boiling saturated ammonium oxalate 
solution (or btdter, 3 grams of solid ammonium oxalate dissolved in 
25-50 cc. of boiling water just prior to use). Stir well, allow fifteen 
minutes to settle, filter on an 11 cm. filter, and wash ten times with 
hot water, using as little as possible (about 100-125 cc.) to do the 
work well. Proceed as in A or B. 

A. Gravimetric. Place the precipitate in a weighed platinum 
crucible, ignite, and weigh, after ignition over a blast-lamp to constant 
weight, as cah^um oxide, CaO. Report as such. 

B. Volumetric. Transfer the paper and precipitate to the beaker 
in which the latter was formed, and opening, spread it out against 
the upper side of the beaker. Wash the precipitate off the paper with a 
jet of^hot water, fold the paper over, add 50 cc. of dilute (10%) sulphuric 
acid (1:10) to the contents of the beaker, dilute to 150 cc. and heat 
until the liquid is between 60 and 90® C. Titrate with permanganate 
solution until the pink color is produced. All this time the paper 
should be sticking to the walls of the beaker. Now drop this into 
the solution and stir. The pink color of the latter will be discharged. 
Finish the titration very carefully by adding permanganate, a drop 
at a time, and calculate the lime. 

If the filtrate from the lime measures over 250 cc., acidify and 
evaporate until# this bulk is reached. This can be rapidly done by 
using a large (8 in.) porcelain dish in the following manner: Place 
a piece of wire gauze on a tripod and in the center of this a round 
piece of thin asbestos paper about the size of a silver dollar. Now 
place the dis^h on this and a Bunsen burner turned fairly low under 
the asbestos dish.- ^he contents of the dish can then be made to 
evaporate rapidly, without boiling, by regulating the flame. When 
the solution measures 250 cc,, transfer tfi^a beaker. If necessary, 
cool and, when perfectly cold, add 15 cc. of a 10% solution of sodium 
phosphate and 25 cc. of strong ammonia. Stir thoroughly and set 
aside in a cool place for at least six hours. Filter, wash with a mix- 
ture of water 800 cc., ammonia (0.96 sp.gr.) 200 cc., and am- 
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monium nitrate 100 grams; place in a weighed platinum or porcelain 
crucible and ignite over a low flame until all carbon is burned off. 
(Do not use the blast lamp.) Cool in a desiccator and weigh as mag- 
nesium pyrophosphate, which weight multiplied by 72.38 giyes the 
percentage of magnesia, MgO. 

Weigh 1 gram of finely ground cement into a small beaker and 
add 15 cc. of dilute hydrochloric acid, heat from ten to fifteen minutes 
and add a little water. Heat to boiling and filter ^ through a smjall 
filter, washing the residue well with water and catching the filtrate 
and washings in a small beaker. Add to the solution 5 cc. of dilute 
hydrochloric acid and bring to a boil. Add carefully, drop by drop, 

stannous chloride solution (25 grams in 100 cc. of dilute 1 : 3 hydro- 

chloric acid) until the last drop makes the solution colorless. Add 
3 drops in excess. Remove from the burner and cool the liquid by 
setting in a vessel of cold water. When nearly c^old, add 15 cc. of 
saturated mercuric chloride solution and stir the liquid with a glass 
rod. Allow the mixture to vstand for a few minutes, during which 
time a slight white f^re(i|itate should form. Run in standard 
bichromate solution carefully from a burette until a drop of iron 
solution tested with a drop of 1 % solution of potassium fcrricyanidc 
no longer shows a blue, but instead a yellow color. Multiply the 

number of cc. of bichromate used by the ferric oxide equivalent per 

cc. of the bichromate and divide the product by the* weight of the 
sample. The result multijilied by 100 gives the per cent of the ferric 
oxide in the cement. The most convenient strength for the standard 
bichromate solution is 3,074 grams of the salt to the liter. One cc. 
of this solution is ecpiivalent to 0.005 gram ferrh^ oxide. It sliould 
be standardized against iron wire or ferrous ammonium sulphate. 

Weigh I gram of the sample into a small dry beaker and stir it 
up with 10 cc. of cold water until all lumps are broken up and the 
lighter particles are in suspension. Add 7.5 cc. of dilute (1:1) 
hydrochloric acid and heat until solution is complete. ITilter through 
a small paper and wash the residue thoroughly. Dilute the filtrate to 
250 cc., heat to boiling, and add 10 cc. of boiling 10% barium chloride 
solution. Stir well and allow to stand overnight. loiter, ignite, and 
weigh as BaS04, which, multijdied by 34.20, gives •the percentage 
of SO3. 

Place one-half gram of the cement in a clean platinum crucible 
which has been previously ignited to redness and cooled in a desiccator. 
Cover with the lid and weigh. Ignite for fifteen minutes, over a good 
blast lamp. Rinse off the crucible lid with hot- water to remove 
volatile salts condensed on the latter. Ignite the lid to redness and 
cool the crucible and lid ie a desiccator. Weigh and the lo.ss in Weight 
multiplied by 200 is “ loss on ignition.” 

' May be omitted if the cement practically all dissolves. Most cements do. 
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Other Methods. Gravimetric 

Calcium may be converted to carbonate, sulphate or fluoride and 
so weiglied. The oxide above obtained may be converted to sulphate 
by moistening with a few drops of water and then adding a slight 
excess of sulphuric acid (1:4, dilute). The excess sulphuric acid is 
driven off by heating over a low flame to SO3 fumes and then more 
strongly at dull red heat until the excess acid has been expelled. A 
ring burner reduces the risk of spurting. Addition of a drop or so of 
ammonia to the cooled residue and reheating assists expulsion of 
the acid. The residue is weighed as CaS 04 . 

CaS 04 X 0.2943 = Ca or X 0.4119 = CaO or X 0.7352 = CaCOa. 
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CARBON 


C, at.wt. 12.0; sp.gr. amorp. 1.76-2.10; cryst.; graphite, 2.25; diamond 
3.47-3.5585; m.p. sublimes at 3600° C.; oxides, CO and C02 : 

OCCURRENCE 

The element occurs free in nature in the crystalline forms, diamond 
and graphite, and in the amorphous form, charcoal, coke, etc. It 
occurs in iron, steel, and in certain alloys. Its estimation in these 
metals is generally required. Carbon is determined in the analysis 
of organic compounds in which it is invariably combined and may 
also be present as free cArbon (asphaltum). 

Combined as a carbonate it occurs in a large number of substances, 
among which are found calcitc, marble, limestone, dolomite, mag- 
nesite, strontianite, witherite, spatic iron ore. It occurs as the dioxide 
in the air, in water (Jl20.C()2) and in flue gas. Carbon dioxide is 
the active constituent of baking powders (NaliCOs). 

Minerals. — Graphite^ C, is a soft, greasy to the Ifouch, black to 
dark gray opaque mineral with metallic lustre; in impure form it 
appears slaty or earthy. It occurs as flakes or flexible scales to 
compact masses, rarely as six sided plates; streak dark-gray; hard- 
ness 1-2. Graphite differs from molybdenite in being darker in 
color, and in the flame it burns to CO 2 gas, the latter gives off SO 2 ; 
graphite is insoluble in acids, molybdenite dissolves in strong nitric 
and sulphuric acids. 

Diamond, C, transparent, isometric crystals, with adamantine 
lustre; usually colorless or slightly tinted, bluish, yellow, brown or 
green; lustre brilliant when polished; perfect cleavage, parallel to 
octahedron; specific gravity 3.145-3.518; hardness 10, exceeding 
that of any other known substance. * 

Varieties — ordinary diamond rounded crystals with distinct cleav- 
age; Bort, any lower grade diamond not deemed worthy to 
be cut; Carbonado, a black massive or granular material from Brazil. 

Other minerals of carbon — Petroleum, Asphalt, Mineral Coal, 
Ambrite, Copalit^e, Ozocerite, etc.’ 

• • 

^ The study of methods of determining carbon should be taken 'up by 
the more advanced student. It is advisable to start with the combustion 
method given on page 182. 
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detection 

Element. — Carbon is recognized by its appearance and by its 
inertness towards general reagents. It is seen in the charring of 
organic matter when heated or when acted upon by hot concentrated 
sulphuric acid. 

Upon combustion with oxygen or by oxidation with chromic and 
sulphuric acids, carbon dioxide is formed. The gas passed into lime 
water forms a white precipitate, CaCOs. 

Carbon Dioxide. Carbonates, CO 2 in Gas. — A white precipitate 
with lime water, baryta water, ammoiiiacal solutions of calcium or 
barium chlorides, or lead acetate (basic); carbonates of the metals 
are formed. 

Carbonates. — Action of mineral acids causes effervescence, C02 
The gas is odorless (distinction from SO 2 , H 2 S, and 
N2O3) and is colorless (distinction from N2O3). The 
gas absorbed in the reagents above mentioned pro- 
duces a white precipitate. The test is best made by 
placing the powdered material in a large test-tube 
with a stopper carrying a funnel and delivery tube 
as shown in the illustration, Fig. 50. For small 
amounts of combined CO 2 , warming of the test-tube 
may be necessary. Sulphuric or phosphoric acid 
should be used to liberate the gas, which is con- 
ducted into the reagent used for the test. 

Distinction between Carbonates and Bicarbon- 
ates. — The solution of the former is alkaline to 
phenolphthalcin indicator (pink). Bicarbonate solu- 
tions remain colorless with this indicator. Normal 
carbonates precipitate magnesium carbonate when 
added to magnesium sulphate solution ; bicarbonates 
cause no precipitation. 

Free Carbonic Acid in Water in Presence of Bi- 
jearbonates. — 0.5 cc. of rosolic acid (I part acid in 
500 parts of 80% alcohol), produces a red color with bicarbonates 
in absence of ft’ee CO 2 , and a colorless or faintly yellow solution 
when free CO 2 is present. 

Carbon Mbnoxide. — The gas burns with a pale blue flame and is 
not absorbed by potassium hydroxide or lime water (distinction from 
CO 2 ). It is exidized.to CO 2 and so detected. With hot, concentrated 
potassium hydroxide, potassium formate is produced. 

The gas is detected in the blood by means of the absorption 
spectrum, • 


being evolved. 



M'jCO, 


Fig. 50. — Test 
for Carbonate. 
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GRAVIMETRIC METHODS FOR DETERMINATION 
OF CARBON 

L 

Preparation of the Sample 

Iron, Steel, and Alloys. — Drillings taken from different sections 
of the representative bar should be free from grease and dust. Ijhese 
are best kept in glass-stoppercd bottles. Where a large number of 
daily samples are determined, it is found more convenient to, ^ use 
small manila envelopes, upon which the record of the analysis may 
be placed. Should it be impossible to obtain drillings free from grease, 

this impurity may be removed by heating 
the sample in an atmosphere of nitrogen, 
or by repeated extraction with ether. 

Coarse chips, cast-iron drillings, etc., 
should be broken down in a chilled-steel 
mortar. Fig. 51. 

Carbon may now be separated in a 
definite weight of the sample as directed 
below, or it may be determined by direct 
combustion or by oxidation with chromic 
acid according to a procedure given later. 

Organic Matter. — It is advisable to 
fuse this in a nickel or iron crucible with 
sodium peroxide. The carbonate thus 
formed may be determined as usual. The organic substance may be 
oxidized directly in the combustion furnace. 

Carbonates. Limestone, Dolomite, Cement, Alkali Carbonates 
and Bicarbonates. — The powdered material is decomposed by addition 
of an acid as directed in the methods given later. 

Separation of Carbon from Other Substances 

The element is generally determined as carbon dioxide, in which 
form it is liberated from most of the combinations in which it occurs, 
free from other substances by ignition in a current of oxygen, or by 
oxidation with chromic acid as directed later. 

Separation of Carbon in Iron and Steel. Cupric Potassium 
Chloride Method. — 0.5 to 2 grams of the drillings are treated with 
100 to 200 cc. of cupric potassium chloride solution and 10 cc. of 
hydrochloric acid (1.19). This mixture dissolves the iron according 
to the reaction 

Fe -f CuCU * FeCU +^Cu and Cu + CuCla * CuaCla + carbon as 
a residue. 

The determination of carboy by combustion with oxygen is made 
in two general classes of substances: A. Steel, iron and in certain 



Fio. 61. — Chilled-Steel 
Mortar. 
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alloys. B. Organic compounds. Carbon in steel and alloys is con- 
sidered in two forms: carbide or combined carbon, and graphitic 
carbon. In organic substances carbon occurs principally combined 
with hjidrogen, oxygen, and nitrogen. For the present we will consider 
procedures for the determination of carbon in steel and alloys. 

The most accurate procedure for deiennination of carbon in steel, 
alloys, and in other materials containing the substance combined or 
free is by combustion with oxygen in a furnace heated by gas or 
electricity; the carbon dioxide formed being absorbed in caustic, and 
weighed. 

Apparatus. Combustion Furnace. — Although the gas furnace has 
been used more commonly on account of gas being more available 
than electricity, the extension of generating electric plants makes it 
possible to use electric furnaces, and these are gradually displacing 
those heated by gas, as they are more compact, easily manipulated 
and comparatively simple in structure. 

A simple electric furnace may be made by wrapping a silica tube 
with a thin covering of asbestos paper, which has been moistened with 



Fig. 52. — Geissler 
Bulb. 



P’lo. 53. — Liebig 
Bulb. 



Fio. 54. — Gcrhardt 
Bulb. 


water. On drying the paper will cling to the tube. A spiral coil of 
nichrome wire (Driver and Harris) is wound around this core. On 
a 2-foot length of tube two 45-foot lengths of No. 18 wire, connected 
in parallel, will fieat the tube to bright redness, attaching the terminals 
to an ordinary* light socket. The coils should be covered with i-i*i- 
coating of alundum cement. For appearance’ sake as well as for pro- 
tection, the tube is placed in a large cylinder of sheet iron, packed 
around with asbestos, and is held in position by circular asbestos 
boards placed at the ends of the large cylinder. The cylinder is 
mounted on a stati^. 

Absorption Apparatus, — A large number of forms are for sale. 
The Geissler and Liebig bulbs have been f)opular (Figs. 52 and 53), 
but are now being displaced by forms that have less surface exposed, 
that are more easily cleaned and less fragile, such as Gerhardt’s, 
Vanier’s and Fleming’s apparatus (Figs. 54, 55 and 57). 
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CABBON DETERMINATION IN STEEL 

Procedure for Determining Carbon by Combustion. — By this 
method absolutely accurate results can be reported to the open hearth 
ten minutes after the drillings are received. 

In principle this method is not new; in manipulation it is new. 
Heretofore chemists have been laboring under the impression that 
the flow of gas during a combustion must not exceed a certain snail- 
like pace. This false impression has been injected into the minds of 
chemists by a few who were supposed to have investigated the matter. 
The truth is that the faster oxygen is fed to burning ^steel the more 
complete the combustion will be. The rate of 
current is limited by the efficiency of the appara- 
tus used to absorb the evolved carbon dioxide. 

The Apparatus Described. — The combustion 
train is shown complete in Fig. 5fi. The oxygen 
is delivered to the train through a regulating 
and reducing valve such as is used for weld- 
ing. The [regulating valve is not essential, yet 
any chemist who uses one will appreciate its 
convenience, especially in this method. Its con- 
venience will be explained later. *K is a mercury 
pressure gauge. It serves as a guide during the 
combustion and is an essential piece of apparatus. 
The graduated column is (> ins. high and is 
divided into eighths. P is a washing bottle con- 
taining caustic potash solution. Filled to the 
mark indicated with 50% solution it will serve 
for at least 1000 combustions. It is used solely 
to indicate the flow of gas, not to purify it. 
If the chemist desires he may omit this from the train. T is a calcium 
chloride jar. It is filled to the mark indicated with finely ‘divided 
calcium chloride, about pea size, retaining all the djist. A layer of 
asbestos is formed over the chloride and the remaining space filled 
with soda lime. The glass tubing leading from thfi jar is loosely 
packed for a distance of several inches with asbestos. This prevents 
any soda lime dust being carried into the combustion 'tube. G is a 
mercury valve like that used in Johnson’s train. It is used solely to 
maintain an atmosphere of pure oxygen in the pyrifying strain, a con- 
dition essential to accurate results. It is not used 'to prevent carbon 
dioxide backing into the purifying train, of which there is not the 
remotest possibility. • 



Fig. 55. — Vanie 
Bottle 


Note. To increase accuracy aonduct the weighings with two absorption 
bulbs, of the same kind, one used to absorb the carbon dioxide, the other as 
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a. tare weight. During the run the tare is placed side by side with the one in 
the train. With the run complete the tare is placed in the right pan of the bab 
ance and the absorption bulb with the CO* in 
the left. It is not advisable to wipe off the 
bulbs a% the condensation is the same on both. 


The combustion tube is the ordinary 
fused silica tube glazed on the inside 
only. The tube is 30 ins. long with in- 
side diameter of from 7 to 1 in. One 
tube of 30 ins. will serve twice as long as 
one of 24 ins. It is loosely packed with 
asbestos for a distance of 6 ins. at the 
exit end, and 3 ins. is allowed to project 
from the furnace. For about the first 
100 combustions, the combustion boat is 
pushed close against the asbestos. I'lie 
portion of the tube immediately above 
this will become coated with iron oxide. 

The asbestos is then moved up so that it 
covers this portion of the tube and a 
fresh area exposed to the spraying oxide. 

In this manner one tube can be made 
to serve COO c(wiibustions or even more. 

The Furnace and Combustion Tube. — 

The furnace used is one of tlie ordinary 
resistance type. It is constantly main- 
tained at a temperature of 1000° C. This 
temperature is verified daily by the use of 
a pyrometer. Many claim to be expert 
at judging temperatures, but none are 
expert enough to be without a pyrometer. 

The two-way stop following the combus- 
tion tube will be found very convenient /?= 
when it is not desirable to pass the cur- 1!^ 
rent through the*iars Z and 0. 

Z is filled with 20-mesh zinc. Once 
filled it will serve for several thousand 
combustions. -As a matter of fact it is 
included in this train as a filter. If nickel 
boats and ali^minum are used the chemist 
may omit this zino j’ar from the train, for 
with all ordinary grades of steel it serves 
no purpose. 

0 is the phosphoric anhydride jar. 

A little asbestos is placed in the lower 
part just above the lower stopper. 
remaining space in the jar is completely 
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filled with phosphoric anhydride. The upper stopper is packed 
tightly enough to prevent any powder being swept into the weighing 
apparatus. As the anhydride liquefies it passes down into the 
lower stopper, where it can be removed conveniently without dis- 
turbing the anhydride above it. Likewise the anhydride can be 
replenished by removing only the upper stopper. The jar need not 
be washed oftencr than once in 500 combustions. When filled 
with anhydride, fresh reagent need not be added for at least ;150 
combustions. After each combustion the jar should be given a few 
sharp taps with the hand to prevent canals being formed. 

Details of the Absorption Apparatus. — The absorption apparaius, 
shown in detail in Fig. 57, has been modified slightly at the suggestion 
of Henry G. Martin, of the Railway Steel Spring Company, Chicago 
Heights, 111. This apparatus is no more efficient than the old style, but it 
is much more convenient and less troublesome. In the old-style tube the 
anhydride would liquefy after several days and 
require replenishing. To overcome this, Mr. Martin 
suggohtod using separate chambers for the anhy- 
dride and soda lime, so that communication could 
be broken when the tube was standing idle. The 
tube shown in Fig. 57 will servo for at least 70 
combustions when operating on 1.5 grams of sample 
containing 1.03% carbon. ^ 

The anhydride in the upper chamber serves for 
at least 300 combustions. Koda lime, placed in the 
lower tube in alternate layers (J in.) of the dif- 
ferent meshes, has proven a very convenient and 
desirable reagent. The 12-mesli soda lime for nitro- 
gen can also be used with excellent results. If this 
is employed, part of it should be ground to about 
OO-mesh and alternate layers of fine and coarse used. 
Fio. 57.— Fleming exceedingly important that .the tube be 

Absorption Ap- loaded with alternate layers of coarse and fine f eagent, 
paratus. for, if the 12-mesh reagent is transferred directly from 

the bottle to the absorption tub€, the latter will 
fail to be effective for more than 30 combustions and in some cases 
less. The reason for this is evident. The lower stopper is packed 
loosely with asbestos, also the lower portion of the soda. lime chamber 
just above the stopper. Beginning with a layer of 12-mesh soda lime, 
the entire chamber is filled with alternate layers of fine and coarse 
reagent. The small diameter of the anhydride* chamber is packed 
with asbestos and the remaining space filled with phosphoric anhydride. 
Finally, the upper stopper is packed with asbestos. The anhydride 
chamber, filled as indicated, will not require refilling for at least 
300 combustions. It is not necessary to turn the chamber to break 
communication while the tubes are idle, for the packing of the small 
diameter with asbestos prevents the absorption of moisture from tlie 
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eoda line. The tubes must be used in pairs, so that one serves as a tare 
in weighing the other. A pair of tubes assures the operator of at 
least 140 combustions. A glass or rubber tubing about 12 ins. long 
serves ^s a guard for the absorption tube. It connects the bottle, Pi, 
which is used to indicate flow of gas. 

The use of clay boats has been abandoned in favor of nickel boats 
filled with alundum. These are greatly superior to clay boats in every 
conceivable way. The alundum is labeled as being free from carbon, 
but this is not true. In fact, some of it contains cosiderable carbon. 
It should always be burned in oxygen at 1000° C. before using. The 
boats are formed out of 22-gauge pure sheet nickel. One boat will 
serve for about 100 to 150 combustions, some more, some less. 

Details of the Analysis. — The furnace being at 1000° C., the two 
freshly prepared absorption tubes are placed in the train and oxygen 
run through at the rate of 300 cc. per minute for fifteen minutes. This 
insures the displacement of all air from the purifying train as well as 
the absorption tubes. Remove one absorption tube from the train 
and turn on the oxygen until the mercury stands at about 2 ins. 
The rate of current is then measured by inverting a graduated cylinder 
filled with water. Several trials will establish a rate of about 325 cc. 
per minute. Note the reading of the column of mercury at this 
rate and subsequently, when using the same absorption tube, main- 
tain this sam^ pressure in the train and the rate of flow will be 325 
cc., the rate during all combustions. Shut off the oxygen and, when 
it comes to a slow bubbling through Pi, close the upper stopper of 
the absorption tube. Disconnect it from the train, but do not 
close the lower stopper for about five seconds after disconnection. 
Weigh against its mate as a tare. It is now ready for the first 
combustion. 

Weigh 1.5 grams of drillings, preferably thin, curly drillings from 
a twist drill, and spread out in the nickel boat which is half filled 
with alundum. Place the absorption tube in the train and place its 
mate beside it. With the oxygen flowing about 100 cc. per minute, 
the drillings are pushed into the combustion tube. The current is 
immediately rufi up to the desired pressure, which gives 325 cc. per 
minute. The •regulator will do the rest. It will feed the oxygen 
automatically to the burning steel. As a rule the drillings are entirely 
burned one and one-half minutes after insertion. Continue the flow 
of oxygen for three and one-half minutes more (five minutes, total 
time) and disconnect as before the absorption tube. Weigh imme- 
diately. The res-uH will be accurate and reliable. Whether deter- 
mining carbon in a standard steel, where the greatest accuracy is 
required, or in a bath test, the time requyed is always five minutes. 

The weight of the boat, plus refractory lining, should be kept as 
low as possible, so as not to introduce too much cold material into 
the combustion tube. The boats used are preferably | in. wide, 1 in. 
deep and 3 ins. long. Sheet nickel varies in percentage of carbon. As 
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a rule, a nickel boat must be ignited in oxygen at 1000° C. for one to 
two hours. 

There seems to be a difference of opinion concerning the physical 
condition of the steel after burning, some chemists believing that 
inaccurate results arc obtained if the drillings have fused during com- 
bustion. Others maintain that complete fusion of the drillings is 
essential to accurate result. If drillings which happen to be a little 
thick are used, low results are obtained unless these arc perfectly fused. 

Stetser and Norton Combustion Train for Carbon 
Determinations 

By the use of this apparatus the usual procedure is to allow three 
or four minutes for combustion. Itcsults are often reported in six 
minutes after the samjile enters the laboratory : this includes time 
for drilling, weighing sample, running test, weighing bulb and report- 
ing result. 

The oxygen is delivered from a high pressure cylinder through the 
gas pressure regulator, and the authors also recommend that bottles 
as shown in the illustration be used to measure the amount of gas 
consumed and to supply rapidly the extra (juantity of oxygon required 
during the burning of the drillings, in addition to equalizing the 
pressure. 

Method of Operation. — The train is set up free from leaks, and the 
stopcocks are opened with the exception of the one on the Sulphuric 
Acid Bulb K. This is opened sufficient to allow gas to flow at the 
rate of 200 to 250 cc. per minute when the Absorption Bulb is 
attached. 

The stopcock C is then closed, the remaining stopcocks being left 
as adjusted. The train is now ready for operation. Bottle B is filled 
with water. The gas regulator is opened, allowing oxygen to displace 
the water in bottle B, which water is driven into bottle A. When 
bottle A is filled, the regulator is closed and the train is ready, for the 
combustion. The exit end of the combustion tube, the usual glazed 
silica tube being recommended, is packed with some asbestos burned 
in a current of oxygen prior to using. 

A sample of one-half factor weight properly prepared and weighed 
is placed in the alundum boat, RR Alundum protection being used, and 
then inserted in the furnace. The stopcock C is opened, and if the 
furnace is at 1000° C. or over, and the sample of drillings fine and 
uncovered, it should begin to burn in 20 seconds. ' The burning should 
take 40 to 60 seconds additional, consuming 500 cc. of oxygen. An 
additional 500 cc. of oxygien is turned on to wash out all CO 2 , and 
the bulb is then ready to be weighed. 

If the sample is covered by a lid or RR Alundum, or if the drillings 
are coarse, or the furnace is below 1000° C., the combustion may be 
delayed as much as two minutes. The actual burning will, as before, 
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take from 40 to 60 seconds. In any event, 500 cc. of gas must be 
passed through the apparatus after the steel has ceased burning. The 
point at which the ‘burning of the sample begins may be determined 
by the^ increased rate at which gas passes through the liquid in 



Fig. 58. — Stetscr and Norton Combustion Train for Carbon Dctorminalions. 

A Aspirator Bottle, 8 liters (lapaeity, graUuation interval 250 ml , with one hole rubber stopper. 
B Bottle, narrow rnouili, of green glass, 2 gallons eapacity, with two liole rubber stopper. 
Glass Tubing, 6 nun. outside diameter, for eonneetions. 

Glass T-tubo, 3 nun. boro. 

C Glass Stopcock, 2 mm. bore; used to prevent the gas from flowing through the tram when 
turned on at tin- regulator. 

D Bottle, wide mouth, 8 oz. capacity, with two hole rubber stopper; to be used empty as a 
safety. * 

E Ditto; to be filled one third full with coneentrated Hulphurie Acid 
P Ditto; to be filled with Ascante. 

Combustion Tube, of Silica, glazeil, 30 inches long by S inch diameter. 

G Combustlou Tube Furnace. 

R Rheostat, for uontrullmg the temperature. 

J Vanier Zinc Rrylng Tubp; to be filled with 30 mesh Zinc, 

K Vanter Sulphuric Acid Bulb; to be filled with Sulphuric Acid. 

M Stetser and Norton Modification of the Midvale Absorption Bulb. 

bottle E, due to the rapid absorption of oxygen by the burning steel. 
A similar decrease marks the end of the burning period. 

Standardization of the Stetser and Norton Absorption Bulb. — 
A freshly filled bulb should be run on tlie train for an hour and then 



188 


METALLURGICAL ANALYSIS 


weighed. When the bulb has reached a constant weight, the train is 
checked by running a government standard. 

A bulb once filled and standardized will last for several weeks and 



Fig. 58a. — Hutcjhmson-Weirich 
Combustion Bulb for the Rapid 
Absorptioi) of CO 2 in Carbon De- 
terminations in Iron and Steel. 

is sufficient for from three to four hundred determinations. On 
account of the difference in color between the used and unused por- 
tions of the absorbent, it is possible to determine the moment a bulb 
can be discarded. 



METALJAJRGICAL ANALYSIS 


189 


. GRAPHITIC CARBON 

In Ijon and Steel. — The sample of 1 gram of pig iron or 10 grams 
of steel is treated with 15 cc. of nitric acid (sp.gr. 1.2), per gram 
of sample taken. When all the iron has dissolved, the graphite is 
allowed to settle and the .supernatant liquid decanted onto an ignited 
asbestos filter, using either a perforated boat, Fig. 59, or a filtering 
tube. The residue is transferred to the filter, and washed thoroughly 
with hot water. It is treated with hot caustic solution (sp.gr., 1.1), 
washed thoroughly again with hot water, then with a little dilute 
hydrochloric acid, and finally with hot water. The carbon is now 
burned by one of the procedures given — the oxidation in the com- 
bustion furnace being recommended. The 
CO 2 is absorbed in caustic and estimated 
according to the standard procedure given 
for carbon. 

CO 2 X 0.2727 = graphitic carbon. 

The perforated boat, shown in the cut, fits 
snugly into the receptacle below. Sufficient 
asbestos is poured into the boat to form a film 
over the bottom. A seal is made around the 
boat with additional asbestos, the apparatus 
having been inserted in a rubber stopper in 
the neck of a suction flask and suction applied. 

The apparatus is recommended by Blair 
for combustion of graphitic carbon or of 
total carbon liberated from iron or steel by the cupric potassium 
chloride method. The boat may be placed directly in the combustion 
tube and the carbon oxidized as usual. 



Fig. 59. — Boat and 
Holder fi)r Carbon De- 
termination. 


. COMBINED CARBON 

Indirect Method. — The excess of carbon remaining when the 
graphitic carbon is subtracted from total carbon (in iron and steel), 
is calculated as combined carbon. This “difference method ” is generally 
accepted as being the most accurate for estimation of combined 
carbon, 

NotBs In chromium, tungsten and titanium stet^ls a temperature of 
1500* 0. Ls necessary to oxidize the carbon by direct combustion for thirty 
minutes. (J. R. Cain and H. E. Cleaves, .1. Waslj^ Acad. Sci., 104^ 4, 393-397.) 

Carbon in Snih. One to 3 grams of 00-inesh sample is treated with a solution 
of 3.3 grams CrOs + 10 cc. H 2 O and .50 cc. cone. H 2 SO 4 (1.84). The evolved 
CO 2 is absorbed in standard caustic and titrated with acid, phenolphthalein 
and methyl orange being used as indicators. (J. Ind. Eng. Chem., 1914, 6, 
843-846.) 
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DIRECT COLORIMETRIC METHOD FOR DETERMIHATIOH OF 
COMBINED CARBON 

The procedure is of value to the steel laboratory wher^ a large 
number of daily determinations of combined carbon are required. 
By this method over a hundred determinations a day be made by an 
experienced manipulator. The method depends upon the color pro- 
duced by combined carbon dissolved in nitric acid, the depth of eolor 
increasing with the combined carbon content of the material. Com- 
parison is made with a standard sample of iron or steel, which is of 
the same kind and in the same physical condition as the material 
tested. That is to say, a Bessemer steel should be compared with a 
Bessemer standard, open hearth with open hearth, crucible steel \^ith 
crucible steel, the standards containing approximately the same 

amounts of carbon, and as nearly as pos- 
sible the same chemical composition. 
The samples should be taken from the 
original bar which has not been re- 
heated, hammered, or rolled. Copper, 
cobalt, and chromium will interfere with 
the test; the other elements have very 
little effect. 

Procedure. — One standard sample of 0.2 
gram and the same amount of sample drill- 
ings are taken for analysis. The weighings 
are conveniently made in brass or aluminum 
pans, boat-shaped to enable the drillings to 
Fig. 60. — Hot Water Rack be dumped into test-tubes. A counterpoise, 
for Test Tubes. weighing the same as the boat, is placed 

on the opposite pan, together with the 
0.2 gram weight. A magnetized knife will assist in removing the ex- 
cess of material. The weighed sample is brushed into a test-tube 
6 in. long (150 mm.) 0.6 in. (16 mm.) in diameter. (Each test-tube 
has a label near the open end to distinguish the sample.) A rack or a 
600-cc. beaker may be employed for holding the test-tubes during the 
weighing. After the batch is ready the tubes are ♦transferred to a 
perforated rack (Fig. 60) and this then stood in the water bath filled 
with cold water. 

The proper amount of nitric acid (sp.gr. 1.2; e.g., 1 cone. HNO3 : 
1 H2O), from a burette, is now added to each test-tube.^ 

3 cc. HNO3 for 0.3% C. 6 cc. HNO3 for 0.8 to 1% C. 

4 cc. HNO3 for 0.3 to 0.5% 7 cc. HNO3 for over 1% C. steel. 

5 cc. HNO3 for 0.5 to 0.%% C. 

The depth of color produced by the acid will give an idea of the 
amount required. One cc. of^cid is added at a time until the depth 
of color is correct. This requires experience gained from observation 
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of the color produced by standard samples. The acid is added slowly 
to the coarse drillings. Insufficient acid gives a darker tinted solution 
than it properly should be. The nitric acid should be free from 
chlorine •and hydrochloric acid, since these produce a yellow color. 
(Cl and FeCls arc yellow.) 

A glass bulb or a small funnel is placed in each test-tube and the 
water in the bath then heated to boiling and boiled until all the car- 
bonaceous matter has dissolved, the tubes being shaken from time to 
time to prevent formation of a film of oxide. Low-carbon steels 
require about twenty minutes, whereas steels of over 1% carbon re- 
quire about forty-five minutes. (Blair.) As soon as the bubbles cease 
and the brownish flocculcnt matter disappears, the rack is removed 
from the bath and placed in a casserole of cold water. (Prolonged 
heating and strong light each causes fading of the color due to com- 



Fig. 61. — Carbon Tubes. Fig. 62. — Color Comparator or Camera. 

bined carbon.) In presence of graphitic carbon, filtration of the solution 
may be necessary to remove the insoluble suspended graphite. 

Color Comparison. — This is made in graduated, clear, colorless, 
cylinders called carbon tubes. The form shown in Fig. 01 was found 
by the writer^ to be the most satisfactory type for a steel-works 
laboratory where rapidity of manipulation was essential. The bend 
at the upper portion of the tube facilitates mixing of the solution 
upon dilution ,with water, the tube being tilted back and forth until 
the solution is homogeneous, the bend preventing the liquid from 
spilling. The dilution should be at least twice that of the amount 
of nitric acid used, as this amount of wateri^is necessary to fade the 
color due to ferric nitrate. 

The standard is poured into the carbon tube and the rinsings from 
the test-tube added. The solution is dil^ited to a convenient multiple 

1 W. W. Scott. 
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in cc. of the carbon content. For example, 0.45% carbon sample may 
be diluted to 9 cc., then each cc. will represent 0.05% carbon. The 
sample is placed in a second tube of exactly the same diameter, wall 
thickness, and form. If the solution of the samj)le is darker Irfian the 
standard, water is added little by little, followed by mixing, until the 
shade matches the standard. If the standard, on the other hand, is 
darker than the sample, a greater dilution of the standard is necesary^ 
the cc. again representing a multiple of the carbon content. For 
example dilution of the .45% carbon sample to 15 cc. makes each cc. 
to represent 0.03 carbon. (It is frequently adAdsable to take a standard 
of lower carbon content in place of greater dilution of the standard.) 

Example. — Suppose in the first case the dilution of the sample was 
15 cc. in order to match the standard, then 15 X 0.05 = 0.75% carbon. 
Six cc. dilution case 2 = 6 X 0.03 = 0.18%, carbon. 

The color comparison can be best made in a ‘‘ camera,” a long box 
with one end closed by a ground-glass screen, Fig. 02. Parallel to the 
screen and near it, two holes tjirough the top of the box admit the 
test-tubes. The inner walls of the camera are blackened to prevent 
reflection of light. If a camera is not available, the tubes may be 
held side by side and compared against a sheet of white paper held 
as background. 

BENEKER’S MODIFICATION OF EGGERTZ»S M^HOD FOR 
DETERMINING CARBON IN STEEL 

By this procedure interference of the color due to iron is eliminated. 

.2 g. of the sample and standard (which does not need to be very 
similar in carbon content to the sample) are weighed into two test 
tubes, treated with 7 cc. - 10 cc. of nitric acid of the usual dilution, 
say 3 parts water to 2 parts acid, and warmed until dissolved and 
perfectly clear. When cold, J cc. of 85% phosphoric acid is added to 
each tube, transferred to the comparison tubes and read. When this 
method is used. on low carbon steel the bleaching action is very pro- 
nounced, because in that case the iron color bleached out represents 
the major part of the original color. Dilution of steindard or sample ' 
introduces no error, because of the absence of the inteffering iron color. 

DETERMINATION OF CARBON IN GRAPHITE 

The procedure for determining carbon in graphite is the same as 
that described for determination of carbon in difficultlir combustible 
organic substances. ' • 

The material is broken down in a steel mortar and powdered in an 
agate mortar. About 0l2 gram is taken for the determination and 
mixed with copper oxide to assist the combustion, then placed in the 
boat and the combustion of the carbon carried on according to the 
standard method in the combustion tube. 

COa X 0.2727 * C. 
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DETERMINATION OF CARBON DIOXIDE IN CARBONATES 

The method is applicable for determination of carbon dioxide in 
limestoim, dolomite, magnesite, strontianite, witherite, spatic iron ore, 
carbonaLes of sodium, and potassium, bicarbonatos in baking powder, 
carbon in materials readily oxidized to CO2 chromic sulphuric acid 



mixture. The procedure depends upon the evolution of carbon dioxide 
by a less volatile acid, or the oxidation of carbon. The CO2 is ab- 
sorbed in caustic and weighed. 

Apparatus. — The illustration shows ^the apparatus found suitable 
for this determination. It is Knorr^s apparatus slightly modified. The 
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absorption bulb or bottle should be one that will effectively absorb 
carbon dioxide entering at a rapid rate. The Vanier or the Fleming 
forms is satisfactory for this purpose. 

Procedure. — A sample weighing 0.5 to 2 grams, according to the 
carbon dioxide content, is placed in the dry decomposition nask (C). 
The flask is closed by inserting the funnel tube (B) fitted with the 
soda lime tube (A), and connected by means of a condenser to the 
train for removing impurities from carbon dioxide, leading to the 
absorption bulb, as shown in Fig. 63. 

The apparatus is swept out with a current of dry, purified £tir 
before attaching the weighed absorption bottle. This is accomplished 
by applying gentle suction at the end of the purifying train. The 
absorption apparatus is now attached (Fleming absorption apparatus 
is shown in the illustration). The tube {B) is nearly filled with 
dilute sulphuric acid (1:3), the stop-cock {B') being closed. The 
soda lime tube is now inserted into place as shown in the cut. The 
acid in (B) is now allowed to run slowly down on the sample at a 
rate that evolves gas not too rapidly to be absorbed; 1 to 2 cc. of 
acid being retained in (B) to act as a seal, the stop-cock {B') being 
then closed. 

When the violent action has ceased, the solution in (C) is heated to 
boiling and boiled for about three minutes. Gentle suction is now 
applied to the absorption end of the apparatus and the stop-cock 
{B') opened, allowing the remainder of the acid to flow into the flask 
((7) and admitting a current of air, purified by passing through the 
soda lime in (A). The suction should be gentle at first, and then the 
speed of the flow increased to the full capacity of the absorption 
bottle. A fairly rapid current is preferred to the old-time procedure 
of bubbling the gas through the apparatus at a snail-like pace, but 
discretion should be used in avoiding a too rapid flow. 

By gently heating to boiling during the passage of the air, steam 
assists in expelling any residual CO 2 in the flask. When the passage 
of air is rapid, this boiling should be discontinued. 

The increase of weight of the absorption bottle is due to the carbon 
dioxide of the sample. This procedure gives total *002. 
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DETERMINATION OF CARBON DIOXIDE BY LOSS OF 
WEIGHT 1 

An approximate estimation of the carbon dioxide in carbonates — 
baking powders, bicarbonate of soda, limestone, etc., may be obtained 
by the loss of weight of the material when treated with a known weight 
of acid. 

Various forms of apparatus are used for this determination. The 
Schroetter and Mohr types are shown, Figs. G4 and 05. 

About 0.5 to 1.0 grain of sample is taken and placed in the bottom 
of the flask, dilute hydrochloric and strong sulphuric acids then 
placed in the bulbs as indicated in the illustrations. The apparatus is 



Fig. 64. — Schroetter^s Alkalimeter. Fia. 65. — Mohr’s Alkalimeter. 

weighed as it is thus charged. The hydrochloric acid is now allowed 
to flow down on the carbonate and the stopper closed. The evolved 
gas passes through the strong sulphuric acid, which absorbs the 
moisture. After The vigorous action has subsided the apparatus is 
placed over a low flame and the solution heated to boiling and boiled 
very gently for about three minutes. No steam or vapor should pass 
through the sulphuric acid as this would make results worthless, the 
water lost being calculated as CO 2 . C 02 -free air is aspirated through 
the solution t<j expel the last traces of CO 2 , by applying very gentle 
suction at A and opening aspirating pure air by connecting B 
to a soda lime tower to remove any CO 2 . The apparatus is again 
weighed and the loss of weight taken as the PO 2 of the material. 

Available CO 2 in baking powder may be determined by sub- 
stituting water in place of hydrochloric acid. 

‘ See hydrometer method in Standard Methods of Chemical Analysis, by 
W. W. Scott. 
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DETERMIRATIOR OF CO, IN CARBONATES — HYDROMETER 
METHOD OF BARKER ' 


The method dependB upon the principle of the hydromet^, follow- 
ing the law that when an object is immersed in a liquid it is buoyed 
up by a force equal to the weight of the liquid displaced by the object. 

The carbon dioxide set free from the 



sample decreases the weight ; and the rise 
of the graduation scale tube above the 
water records the percentage of carbonates 
from which the gas was released. 

Procedure. — To analyze a sample for 
carbonates measure out 40 cc. of hydro- 
chloric acid (sp.gr. 1.15), using a small 
graduate; pour this into the acid reservoir 
through the opening A. With graduated 
stem disconnected hang a 10 gram weight 
at B. The hydrometer should then float 
in a cylinder of water and be immersed to 
some point at C. Remove the 10 gram 
weight and introduce pulverized limestone, 
or other substance that is being tested, 
until the instrument is immersed to ex- 
actly the same point that it occupied with 
the suspended weight. The reservoir will 
now contain 10 grams of sample. Connect 
up the graduated stem and add water, a 
drop at a time, through the funnel-shaped 
top, until immersed to the zero point. 
Raise the hydrometer out of the water 
and open the stopcock D until the acid 
drops slowly into the reaction chamber, 
decomposing the carbonate. Agi the re- 
action proceeds the instrument rises slowly 
and at the conclusion the point on stem 
at the surface of the water gives the per 
cent of calcium carbonate equivalent to 
the carbon dioxide in the sample. This 
figure is the calcium carbonate equivalent. 

A Fahrenheit thermometer accompanies 
each instrument and^shung inside the float- 


Fio. 66. — Barkers Hydro- ing cylinder. Its reading is taken before 

and after each determination to allow for 


^ any error due to change in temperature. 
To the figure for calcium carbonate equivalent gdd 0.5 for each degree 
rise, or subtract 0.5 for each degree fall in temperature between the two 
readings. 
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VOLUMETRIC. METHODS FOR THE DETERMINATION 
OF CARBON 

• 

Total Carbon. Absorption of Carbon Dioxide in Barium 
Hydroxide ^ 

The carbon dioxide evolved by oxidation of the material by dry 
combustion with oxygen or by oxidation with chromic sulphuric acid 
mixture is absorbed in barium hydroxide, free from carbonate, and 
the precipitated barium carbonate titrated with standard hydrochloric 
acid. 

Procedure. — The essential difference in this method from those 
already described under the gravimetric methods is in the fact that a 
perfectly clear satiiraled solution of barium hydroxide is used for 
absorption of the carbon dioxide in place of caustic potash. Consid- 
erable care must be exer(‘ised to prevent contaminating the reagent 
with carbonate. The solution is drawm by suction through a siphon, 



dipping below the surface of the reagent, into the absorption tube, 
which should be of such construction that the material may readily 
be poured out. After absorption of the (.02 gas, the apparatus is 
disconnected and the excess barium hydroxide neutralized with dilute 
hydrochloric acid (1:4) using phenolphthalein indicator. A few 
drops of methyl orange are now added and a measured excess of 
standard hydrochloric acid run in from a burette. After heating t ;0 
boiling the excess acid is titrated with standard caustic solution, 1 cc, 
of which is eqinvalent to 1 cc. of the hydrochloric acid. 

HCl X 0.1646 = C. 

1 cc. N/10 HCl c: 0.0022 gram CO 2 , or 0.0006 gram C. 

Note. The method is used in the Omaha laboratory of the Union 
Pacific Railroad. Dr. N. F. Harriman, Chief Chemist, informed the writer 
(W. W. Scott), that .with care no difficulty is experienced with contamination 
of the barium hydroxide and excellent results are obtained. The Victor- 
Meyer bulb is used for holding the barium hydroxide. 

f 

Determination of Carbon Dioxide in a Gas Mixture 

See Gas Analysis. 

^ See also article by Cain, J. Ind. Eng. Chem., 6, 465 (1914). 
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CYANOGEN 

DETECTION 

Traces of Hydrocyanic Acid. — T o the solution to be tested are 
added two drops of 10% NaOH and tlie mixture is evaporated to near 
dryness. After cooling, a drop of 2% ferrous sulphate is added and 
the sample allowed to stand in the cold for about fifteen minutes. 
Now 2-3 drops of strong HCl are added and the solution warmed 
gently, then cooled. The solution is a blue green if HCN was present 
in the original sample. 0.000002 g. HCN may be detected. 

Note. Test for C^yanidi'. This depends upon th(‘ solvent action of HCN 
upon freshly prfjcipitated HgO in presence of JCOH. The fillrate is tested for 
mercury in an acid solution by addition of HiS. (Hood.) 


VOLUMETRIC DETERMINATION OF HYDROCYANIC ACID i 

The method depends upon the decolorization of tl^e blue ammoni- 
acal solutions of cupric salts by a soluble cyanide, the reduction to 
cuprous condition being available for an accurate quantitative esti- 
mation of the cyanide. 

Standard Copper Sulphate. — Twenty-five grams of copper sul- 
phate, CUSO4.5H2O are dissolved in a 1000-cc. flask with 500 cc. of 
distilled water and ammonium hydroxide added until the precipitate 
that first forms dissolves and a deep blue solution is obtained. Water 
is now added to make the volume exactly 1000 cc. The cujiric solution 
is standardized by running a portion into a solution containing 0.5 
gram pure potassium cyanide, KCN, j)cr 100 cc. of water and 5 cc. 
of ammonium hydroxide until a faint blue color is evident. Chlorides 
do not interfere. , 

Procedure. — 0.5 gram of the soluble cyanide is dissolved in 100 cc. 
of water and 5 cc. strong ammonium hydroxide added. The standard 
cupric sulphate solution is now added until the blue color is obtained. 
The cc. required multiplied by the factor of the copper salt in terms 
of the salt sought gives the weight of that salt in the sample. 

^ J. McDowell, C. N., 1904, p. 22l. . * 
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Liebig’s Method for Determination of Hydrocyanic Acid. 

Soluble Cyanides ^ 

SilvA* nitrate reacts with an alkali cyanide in neutral or alkaline 
solution as follows: AgNOa + 2KCN = Ag(CN).,K + KNO.,. The 
potassium silver cyanide is soluble, hence the precipitate that first 
forms immediately dissolves on stirring as long as the cyanide is 
present in excess or in sufficient quantity to react according to the 
equation. A drop of the silver salt in excess will produce a iicrmancnt 
turbidity; owing to the following reaction: 

Ag(CN) 2 K + AgNOa = 2AgCN + KNOa, the insoluble AgCN be- 
ing formed. 

Procedure. — The alkali cyanide contained in a beaker placed over 
a sheet of black glazed paper, is treated with 4 to 5 cc. of 10% KOH 
solution and diluted to 100 cc. The licpiid is now titrated with 
standard silver nitrate, with constant stirring, until a faint permanent 
turbidity is obtained. 

One cc. N/10 AgNOs = 0.013022 gram KCN. 

Determination of Cyanide by Volhard’s Method 

The method involves Volhard’s methr)d for determining halogens, 
the procedure depending upon the fact that the silver salts of cyanides 
are insoluble in dilute cold nitric acid solutions. 

The neutral cyanide solution is treated with an excess of silver 
nitrate reagent, and slightly acidified with nitric acid and diluted to a 
definite volume in a measuring flask. A portion of the solution is now 
filtered through a dry filter, and a convenient aliquot portion of this 
is titrated with standard thiocyanate solution, using ferric alum as 
indicator (see page 523) to determine the silver nitrate present. From 
this titi^te the excess silver nitrate reagent added and that combined 
with the cyanide ascertained. 

1 cc. N/10 AgNOa = 0.006511 g. KCN or 0.005203 g. CN. 

^ Arm. d. Chem. uird Pharin., 77, p. 102. 



200 


METALLURGICAL ANALYSIS 


COMPLEX COMPOUNDS— FERRO AND FfRRI CYANIDES 

Hydroferrocyanic Acid • 

One gram of the hydroferrocyanidc in 100 cc. of water acidified 
with 10 cc. of sulphuric acid is titrated in a casserole witli standard 
potassium permanganate to a permanent pink color. The end-point 
is poor, so that it is advisable to standardize the permanganate 
against pure potassium ferrocyanide. 

Reaction : 2 H 4 Fe(CN) « + 0 = IhO + 21I,Fe((^N) o 

One cc. N KMn 04 = 0.3083 gram K 4 Fe(CN )6 

Hydroferri cyanic Acid 

Ten grams of hydroferricyanide are dissolved in water, the solution 
made alkaline with KOI! and heated to boiling and an excess of 
ferrous sulphate solution abided The yellowish brown ferrid hydroxide 
turns black with excess of ferrous salt. The solution is diluted to 
exactly 500 cc. and 50 cc. of a filtered iiortion titrated with potassium 
permanganate. 

One cc. N KMn 04 = .3292 gram K3Fc(CN)6. 
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CERIUM 

Ce at.wt. 140.25; sp.gr. 6.63, m.p. 623° C. Oxide, Ce 02 , C 2 O 3 

The estimation of the rare earths, with the exeeption of cerium 
is seldom required as the various elements have found but limited 
commercial applications. They have all been separated from their 
native combinations, but only a few have been isolated and many 
are still believed to be combinations of elements. 

(Jerium owes its importance to the fact that it enters intf> the 
manufacture of Welsbach mantles; in the form of (’e 2 (S() 4)3 it is 
used in the manufacture of aniline bla(‘k; as oxalate, it is used iu 
medicine, and as metal it used in certain alloys.' 

OCCURRENCE 

Mifierah: Monazite/-^ (0,lja,Di,Th) PO4; Oerite, (Ca,Fe,y,Zr.) (CeO) 
(Ce23OH)(Si().03; Tysonite, (Ce,La,l)i)Fa; Flocerite, (Ce,LaJ)i )2 C)F4; 
Yttrocerito, (Y,lCr,Chj)F3.5CaF2.H20 ; J’arisite, [(( i?,La,l)i)F] 2 CaC()s. 

• 

DETECTION 

The mineral is decomposed and the rare earths arc separated from 
the common base metals as oxalates, these are ignited, then dissolved 
in HCl or IINOa and evaporated to dryness. The residue is dis- 
solved in water and evaporated a second time to obtain a neutral 
solution. This residue is dissolved in water and tested. 

Cerous oxalate Ce 2 (C 204 ).^. 101120 is precipitated by the addition 
of oxalic acid to a dilute mineral acid solution of the cerous or ceric 
salt. The precipitate is white if pure, or pink to cinnamon color in 
presence of other rare earths. 

Peroxide Test. — Hydrogen peroxide is added to the solution and 
then ammonia, efrop by drop. A precipitate having the appearence of 
Fe(0H).i forms In presence of cerium. The ammonia may be added 
first and then the peroxide. 

Cerium may be detected by the addition of sodium hypochlorite 
to the solution of a colorless cerous salt. Red ceric hydroxide is 
precipitated.. The test may be confirmed by the chlorine gas evolved 
when the precipitate is dissolved in hydrochloric acid. 

Cerous salts are precipitated by fixed alkalies and are insoluble in 
excess. Tartaric acid liinders the precipita^on. 

' Automatic lighter contains 35 % Fe nnd 65 % Ce. 

® Monazite sand (consists of particles of monazite, rutile, thorite, cassiterite, 
topaz, magnetite, quartz and other heavv minerals. The monazite content varies 
from a trace to 2-4 percent. 
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GRAVIMETRIC ESTIMATION 

Becomposltion and Separation of the Rare Earths and Is(»lation 
of Cerium 

The finely ground mineral (100 mesh or finer) may be frequently 
decomposed by treating with either hot concentrated hydrochloric 
acid or sulphuric acid. A fusion with sodium carbonate may be 
necessary. 

When a mineral is digested with hydrofluoric acid, the rare earths 
are left as insoluble fluorides which must be decomposed by boiling 
with sulphuric acid to obtain solution. 

The difficulty of attack increases in i)roportion to the amount of 
tantalic acid present in the sample. Fusion with sodium peroxide 
is a very (juick and energetic method for effecting decompositions of 
nearly all classes of material. J\)tassium bisulphate or sodium car- 
bonate may also be \iscd. The following i)rocedure is recommended 
by J. P. Bonardi.^ 

The powdered mineral is digested w'ith hydnicliloric, hydrofluoric 
or sulphuric acids or aqua regia, (finishing always with sulphuric 
acid), the solution containing the excess acid is evaporated to coi)ious 
fumes, carrying the solution down to near dryness witji sulphuric acid 
several times to insure conversion of the phosphate minerals to sul- 
phates. The residue is extracted with ice cold water, acidulated with 
sulphuric acid, allowing the solution to remain in contact until all 
basic salts are dissolved. If the mineral carries mucli titanium, coluin- 
biuni, etc., it ivS best to extract the residue with nitric acid. The com- 
bined filtrates, if nitric acid is present, are evaporated to dryness and 
the residue taken up with dilute hydrochloric acid. (If a bisulphate 
fusion or alkali fusion was necessary, extraction with water dissolves 
the rare earth metals. Silica is removed by evaporation -with IK’!! 
in the usual way, extracting the residue and filtering off Si 02 ). 

The acid solution containing the rare earths and base metals 
is saturated with H-S to remove the second gro*ip metals. The 
HaS is boiled off in the filtrate and ammonium chloride and 
ammonium hydroxide added to precipitate the rare earths and the 
members of the iron group so precipitated. This effects a separation 
from cobalt, nickel, manganese, zinc, the ammonium carbonate group, 
the alkalies, and certain of the less common elements of t-he am- 
monium sulphide group. The precipitate is washed and then dissolved 
in dilute hydrochloric acid and the dilution of the solution adjusted 
so that approximately 1 gram of the rare-earth oxides is contained 
in 60 cc. and the acidity^is not over 0.5 N (apjiroximately 18 grams 
HCl per liter). The solution is heated to 60° C. and the rare earths 
(including thorium and cerium) precipitated by the addition of an 
^U. S.*Burcau of Mines. 
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excess of oxalic acid, sufficient to leave 3 grams of oxalic acid per 
100 cc. of the final solution. It is best to allow the solution to stand 
overnight at 60° C'., after which the precipitate is filtered off and 
thorougj^ly washed with hot, slightly acidified water. If much foreign 
metals (zirconium, titanium, etc.) are present in the ore and especially 
if the presence of phosphates are suspected in the oxalate precipitate, 
it should be ignited to the oxides, dissolved in hydrochloric acid and 
a second precipitation made with oxalic acid. 

Separation of Cerium from Other Rare Earths. — The rare earth 
oxalates including cerium are ignited, the oxides formed are dissolved 
in hydrochloric acid. (Addition of a little hydrogen jieroxidc will 
hasten the solution of cerium by reduction to the lower oxide; the 
excess must be removed by boiling.) Sodium hydroxide is added until 
the hydroxides are completely precipitated, the precipitate is washed 
on a filter, then transferred to the original bpak(w in which it was 
made, 20 cc. of water added, and about 2 grams of sodium hydroxide. 
Liijuid bromine is now added in distinct excess, and the mixture 
placed on a steam bath until the greater part of the bromine is ex- 
pelled. The process is repeated three times. Ceric hydroxide re- 
mains insoluble while all other cerium earths and the yttrium earths 
will be found in solution. 

Chlorine gas may be used in place of bromine, by passing into 
the mixture until it no longer reacts alkaline. Iodine may also be 
used. 

Separation of Thorium from Cerium. — Thorium i.s completely 
separated from cerium and the rare earths by adiling a boiling solu- 
tion of ficbacic and to the noutral solut.ion of the rare eartlis. Thorium 
sebacate is precijiitated as a flocculent precipitate, which is easily 
filtered. (Kef. '\\ 0. Smith and C. James, J. Am. Chem. Soc., 34, 
1912, pp. 281-4.) 

Thorium may be removed from cerium by means of hydrogen 
peroxide, &H follows: The oxalates of the rare earths are ignited, the 
oxides treated with nitric acid ami evaporated to dryness, a little 
water added and the evaporation repeated. The neutral solution of 
the nitrates is diluted to 100 cc., 10 grams of ammonium nitrate are 
added, the solution heated to 60^80° C, and the thorium precipitated 
by adding 20 cc. of 3% hydrogen peroxide. The gelatinous precipi- 
tate, Th 207 .N 20 r„ is filtered off and washed with 2% ammonium 
nitrate. Cerium passes into the filtrate. To recover any occluded 
cerium, the f)reei])itift.e is dissolved in dilute nitric acid, the solution 
evaporated to dryness, the residue taken up with a little water and 
again evaporated to obtain a neutral substance, water is now added, 
together with ammonium nitrate and hy^frogen peroxide as stated 
above and thorium again precipitated, filtered otf and washed. The 
filtrate contains any occluded cerium, and is added to the first filtrate 

it. r) af rtrirv.: ■fliiTs ei/x1i,4w.n 
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METHODS 

DETERMINATION OF CERIUM IN PRESENCE OF OTHER RARE 

EARTHS BY PRECIPITATION AS CERIC lODATE — METHOD 

OF BRINTON AND JAMES ^ 

The method has been found accurate for determining cerium in 
presence of large amounts of rare earths. 

Procedure. — To the solution containing the rare earth nitrates 
(thorium having been previously removed) is added enough concen- 
trated nitric acid to make up J of the total solution. At this point 
this should not exceed 75 cc. The amount of sample taken should 
contain not over 0.15 gram of ccria, since the precipitate is bulky and^ 
the washing is rendered more difficult by the large precipitate. About ' 
0.5 g., very roughly estimated, of solid potassium bromate is added, 
and when it has dissolved, an amount of potassium iodate which is 
10 to 15 times that theoretically required for tlie estimated ceria 
present is added in form of the nitric acid solution already given. 
This reagent is to be slowly added with constant stirring. The pre- 
cipitate of ceric iodate is allowed to settle in the cold until the super- 
natant liquid is practically clear, and it is then filtered on a paper of 
close textaire, used for fine substances. The precipitate is brought 
upon the paper pretty completely, and the beaker rinsed just once 
with a small amount of the washing solution already described. 
After draining, but not standing longer than is necessary, the pre- 
cipitate is carefully rinsed from the paper back into tlie beaker with 
more of the washing solution. Any clots should be broken up with a 
stirring rod, and the mixture well churned. The precipitate is again 
brought on the same filter in the same way, and allowed to drain. 
It is then rinsed back into the beaker with hot water, heated to boiling, 
with constant stirring, and cone, nitric acid is dropped in until the 
precipitate is completely dissolved. Any unnecessary excess of nitric 
acid is to be avoided. For about 0.1 g. of ceric oxide from ?0 to 25 
cc. of acid will usually be required. To this solution about 0.25 g. 
of potassium bromate is added, and about the san*e amount of po- 
tassium iodate as was used in the first precipitation. This may be 
used in the form of the regular precipitating reagent, unless the use 
of this solution would make the volume unduly large, in which case 
the solid potassium iodate can be dissolved by heating in a small 
volume of 1 : 2 nitric acid, and thus added. The precipitate is allowed 
to settle as before, and the perfectly cold mifttiire is' then filtered 
through the original paper, given one very small washing with the 
nitric acidiodate washing solution, rinsed back into the beaker once 
more, well churned, and finally brought on to the paper and washed 
with 3 small portions of the washing solution. Every trace of the 

' H. M. P. Brinton and C. James, Jour. Am. Chem. Soc., 41, 7, 1080, 
July, 1919. 
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ceric iC)date need not be removed from the beaker. The paper with 
the precipitate is now lifted from the funnel and dropped into the 
original beaker, taking care to remove any trace of ceric iodate ad- 
hering to the glacnS funnel, either with the upper edge of the filter 
paper ^r with a small fragment of another “ ashlcss ” filter paper. 
About 5-8 g. of oxalic acid crystals are now added, and then 50 cc. of 
water. The covered beaker is heated gently, and its contents are 
finally boiled until iodine vapors are no longer given off, and all sub- 
limed iodine is vaporized from the cover glass and from the upper 
edges of the beaker. The cover glass and sides of the beaker are 
rinsed down with water, and after having stood for several hours the 
cerous oxalate, mixed with the pulp of the first paper, is filtered, 
washed with cold water, and ignited in a platinum crucible over the 
blast lamp. The weight of ceric oxide is obtained by deducting the 
weight of the two paper ashes. 

DETERMINATION OF CERIUM IN WELSBACH MANTLES — 
COLORIMETRIC METHOD 

Burn off the organic matter and heat with about three times their 
own weight of H28O4 (cone.) on a sand bath. Allow to cool and pour 
into 20 cc. of water. In twenty-four hours the sulphates are com- 
pletely dissolve^l and the .solution after neutralizing the excess of acid 
with ammonia water is precipitated with oxalic acid. The oxalates 
after settling out are filtered, washed, transferred to a porcelain 
casserole and digested with nitric acid, a little being added at a time 
until complete decomposition has taken place. Evaporate to dryness 
to remove the excess acid. The nitrates of cerium and thorium are 
dissolved in water and made to volume. Aliquots are then taken and 
diluted in comparison tubes, 1 cc. H2O2 (Merckxs perhydrol) is added. 
On adding ammonia water Th (011)4 is colored orange in proportion 
to the amount of cerium present. In dilute solutions citric acid pre- 
vents the precipitation of the hydroxides and the color can be easily 
compared with standards containing known amounts. 
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REPARATION OF RARE EARTH OXALATES 

Convert into the sulphaten by evapnratinK with sulphuric acid Dissolve in water and add 
solid sodium sulphate in excess 1o the nearly neutral solution 


(1) Pbecipitatb: (1) Filtbatk: ^ 

Th, Ce, La. Pr, Nd, 8a, Bu, Gd, etc , as double sodium aul- As double sodium sulphates. Yt. Tb 
phates. Oy, Ho, Er, Tm, Yb. 8c. etc. 

Boil with an excess of sodium hydroxide, biter, wash with hot Add oxalic acid in excess to precipitate 
water and dissolve in nitric acid. Treat the nitrates with the earths as oxalates 
an excess of xinc oxide and potassium permanKanate. 


(3) PKECIPITATE: 

CoOf andThO»-MnOs is pres- 
ent IS removed by solution in 
hydroohlorio acid and then 
precipitation of the Cc and Th 
as double sulphates with so- 
dium. 

Precipitate is boiled with an 
excess of sodium hydroxide, 
washed with hot water and 
dissolved in nitric acid. Add 
amipoma and ammonium ox- 
alate and ammonium acetate. 


Precipitate: Filtrate. 

Cerium oxalate. Thorium 
Treat with ex- oxalate is 

cess of lino oxide treated 

and solution of with am- 

potassium per- monia in 

manganate. Ce- excess, ig- 

rium oxide pre- iiite 

cipitates. Dis- ThO*. 
solve in hydro- 
chloric acid and 
precipitate ce- 
rium as oxalate 
with oxalic acid 


(3) Filtrate 

Saturate the solution with 
sodium sulphate and wash 
the precipitate formed 
with n solution of sodium 
sulphate. 


Precipitate 

Boil with excess 
of sodium hy- 
droxide, filter 
and wash with 
hot water 
Dissolve in a 
k nown nmount 
ol lutro. acid 
and add an 
lent 
ount 

magnesium ni- 
trate in solu- 
tion. Evapo 
rate the solu- 
tion until upon 
blowing on 
surface small 
crystals form 
Spray water on 
surface and al- 
low to crystol- 


crystallises 1st, 
Fraaeodymium 
crystulliaea 2d, 
Neodymium 
crystallises 3d 
iSamartum 
crystallizes 4th 
Europium 
crystallizes 5th 
OadoUntum 
crystallizes 0th 
The crystalliza- 
tion is con- 
trolled by the 
spectroscope. 
The greater 
number of 
times the 
earths arefrae- 
tionatcd the 
purer the prod- 
uct will be 


Fil- 

trate: 

Combine 
■th hl- 


(2) Precipitate- 

As an excess of sulphuric 
acid and evaporate to form 
anhydrous sulphates of Yt, 
Th,anhyd sulphates of Yt, 
Yb. Dy. Ho. Er. Tm, Sc, 
Yb, etc 

Dissolve in cold water and 
pour over an excess of 
barium bromatc Stir 
well and place on the hot 
water bath When double 
decomposition is complete 
(when the liquid gives no 
further precipitate with 
barium bromate solution 
lifter diluting and boding), 
the mass is filtered and 
evaporated to crystalliza- 
tion 

Terbium crystallizes Ist, 
Dysprosium crystallizes 
2d. Holmium crystallizes 
id. Yttrium crystallizes 
4tli, Erbium crystallizes 
6th, Thulium orystallizcs 
0th 

The mother liquor is made 
neutral with ammonia and 
saturated with putusHiuiii 
sulphate 


(2) Fii^ 
traTe: 

Add tb 
filtrate 
No 3. 


pRBriPi- 

tatb 
Scandium 
Pot asBium 
Sulphate. 


Filtr ate 

Add oxalic 
acid 

Ytterbium is 
precipitat- 
ed as oxal- 
ate 


Table compiled by R. S. Owens. 
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CHLORINE 

CLtat.wt. 36.46; D. (air)» 2.491; m.p. - 101.6° b.p. -38.6°C.; oxides, 
CI 2 O, CIO 21 CI 2 O 7 

OCCURRENCE 

The dctcrniinatiou of chlorine is required in a large number of 
substances. It occurs combined as a chloride mainly with sodium, 
potassium and magnesium. Hock salt, NaCl, sylvine, KCl, carnal- 
lite, KC'LMgChi.fillaO, matlockite, PbCL.PbO; horn silver, AgCl, 
atacamite, (hiCl 2 . 3 Cu(OH) 2 , arc forms in which it is found in nature. 
Chlorine is determined in the evaluation of bleaching powder. It is 
estimated in the analysis of water. 

DETECTION 

Free Chlorine. — The yellow gas is recognized by its characteristic 
odor. It liberates iodine from iodides; it ])leachcs litmus, indigo, and 
many organic (Coloring substances. 

Chlorides. Silver Nitrate Test. — In absence of bromides and 
iodides, W'hich also form insoluble silver salts, silver nitrate precipi- 
tates from solutions containing chlorides white, curdy silver chloride, 
AgCl (opalescent with traces), soluble in NH4OH (AgBr slowly soluble, 
A^ difficultly soluble), also soluble in concentrated ammonium car- 
bonate (Agllr is very slightly soluble; Agl is insoluble). Silver chloride 
turns dark upon exposure to light. 

Free Hydrochloric Acid. Manganese Dioxide, Potassium Perman- 
ganate, and certain oxidizing agents liberate free chlorine gas when added 
to solutions containing free hydrochloric acid. The gas passed into potas- 
sium iodide liberates free iodine, which produces a blue solution with 
starch. 

Detection in* Presence of Bromide and Iodide. — About 10 cc. of 
the solution is neutralized in a casserole with acetic acid, adding about 
1 to 2 cc. in excess, and then diluting to about 6 volumes with water. 
About half a gram of potassium persulphate, K2S2O8, is added and 
the solution .heated.^ Iodine is liberated and may be detected by 
shaking the solution with carbon disulphide, which is colored blue by 
this element. Iodine is expelled by boiling, the potassium persulphate 
being repeatedly added until the solution is colorless. , Bromine is 
liberated by adding 2 or 3 cc. of dilute sulphuric acid and additional 
persulphate. A yellowish-red color is produced by this element. 
Carbon disulphide absorbs bromine, becoming colored yellowish red. 
Bromine is expelled with additional persulphate and by boiling. The 
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volume of the solution should be kept to about 60 cc., distilled water 
being added to replace that which is expelled by boiling. When 
bromine is driven out of the solution, the silver nitrate test for chlor- 
ides is made. A white, curdy precipitate, soluble in ammonKim hy- 
droxide and reprecipitaled upon acidifying with nitric acid, is pro- 
duced, if chlorides are present. 

SUGGESTION FOR THE STUDENT 

For the beginner it is advisable to start on a soluble chloride such 
as sodium chloride, or barium chloride, etc., and determine chlorine 
by the gravimetric method outlined on page 211. Folic vv the gravimetric 
method by Volhard’s or Mohr’s methods given on pages 214-215, 
It may be preferred to take up the volumetric procedures after comple- 
tion of several additional gravimetric methods. 
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GRAVIME'^RIC DETERMINATION OF CHLORINE 

Preparation and Solution of the Sample 

In dissolving the sample the following facts should be borne in 
mind : Although chlorides are nearly all soluble in water, silver chloride 
is practically insoluble (100 cc. dissolves 0.000152 gram at 20° C.); 
mercurous chloride is nearly as insoluble as silver chloride (0.00031 
gram) ; lead chloride requires heat to bring it into solution (in cold 
water only 0.G73 gram soluble per 100 cc. of water). Chlorides of 
antimony, tin, and bismuth require free acid to keep them in solu- 
tion. Hydrochloric acid increa.ses the solubility of silver, mercury, 
lead, antimony, bismuth, copper (Cu'), gold and platinum, but de- 
creases the solubility of cadmium, copper (Cu"), nickel, cobalt, 
manganese, barium, calcium, strontium, magnesium, thorium, sodium, 
potassium and ammonium chlorides. 

Chlorine gas is most readily dissolved in water at 10° C. (1 vol. 
H 2 O dissolves 3.095 vols. Cl). Boiling completely removes chlorine 
from water. 

Hypochlorites, chlorites, chlorates, and perchlorates are soluble 
in w^ater. 

The chlorinp may ])c present either combined or free. In the com- 
bined state it may be present as free hydrochloric acid or as a 
water-soluble or insoluble salt. 

Water-soluble Chlorides. — Chlorides of the alkali or alkaline earth 
groups may be treated directly with silver nitrate upon making slightly 
acid with nitric acid, the chlorine being determined either gravimet- 
rically or volumetrically according to one of the procedures given later. 
It is convenient to work with samples containing 0.01 gram to 1 gram 
of Cl. The sami)le is dissolved in about 150 cc. of water, made acid 
with nitric acid with abo\it 5 to 10 cc. in excess of the point of 
neutralizatiofi, should the sample be alkaline. Then the chlorine com- 
bined as chloride is determined as directed later. 

If the water* solution contains a chloride of a heavy metal which 
forms basic salts (e.g., stannic, ferric, etc., solutions), or which may 
tend to reduce the silver solution, it is necessary to remove these 
by precipitation with ammonium hydroxide, or by sodium hydroxide, 
or potassium carbonate solution. The salt is dissolved in water and 
acidified with HNO3, adding about 10 cc. in excess, for about 150 cc. 
of solution. • (This excess HNO3 should be sufficient to oxidize sub- 
stances which would tend to reduce the silver reagent; e.g., FeS 04 , 
etc.) Ammonia solution (free from chloride) is added in sufficient 
quantity to precipitate the heavy metals i|on, manganese, aluminum, 
etc. The mixture is filtered and the residue washed several times 
with distilled water. Chlorine is determined in the filtrate by acidify- 
ing with HNOa as directed above. • 
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Water-insoluble Chlorides. — The chloride may frequently be de- 
composed by boiling with sodium carbonate solution. Many of the 
minerals, however, require fusion with sodium carbonate to prepare 
them for solution; e.g., apatite, sodalitc, etc. Silver chloride may 
also be decomposed by fusion. 

Silver Chloride. — The sample is mixed with about three times 
its weight of Na2C03 and fused in a porcelain crucible until the 
mass has sintered together. The soluble chloride, NaCl, is leached 
out with water, leaving the water-insoluble carbonate of silver, which 
may be filtered off. The filtrate is acidified with HNO3 and chlorine 
determined as usual. 

Chlorine in Rocks. — The finely ground material is fused with about 
five times its weight of potassium carbonate. The melt is extracted 
with hot water, cooled and the solution acidified with nitric acii 
(methyl orange indicator), and the solution allowed to stand several 
hours (preferably over night). If silicic acid precipitates, the solution 
is treated with ammonia and boiled, filtered and the filter washed 
with hot water. The cooled filtrate is acidified with nitric acid and 
chlorine determined as usual. If silicic acid does not separate, the 
addition of ammonia may be omitted and chlorine determined in 
the solution. 

Free Chlorine. — Free chlorine may be determine^ volumetrically 
according to the procedure given under this section. If it is desired 
to determine this gravimctrically, a definite amount of the chlorine 
water is transferred by means of a pipette to a flask containing am- 
monia solution and the mixture heated to boiling. The cooled solu- 
tion is acidified with nitric acid and the chloride precipitated with 
silver nitrate according to the standard procedure. 

Note. Free chlorine cannot be precipitated directly, as the following reac- 
tion takes place: 6 C 1 + GAgNOa + 3H2O = SAgCl + AgClOj + 6HNO3. 

Reaction of chlorine with amnaonia: 2Ci -f 2NH4OH « NH4CI + NH4OCI 
+ H2O. When the solution is boiled NH4OCI breaks down, e.g., 3NH4OCI 
+ 2 NH 8 - 3NH4CI + Na + 3H2O. 

Separation of Chlorine and the Halides from the Heavy Metals. — 

Halides of the heavy metals are transposed by boiling their solutions 
with sodium carbonate, the heavy metals being precipitated as car- 
bonates and the halides going into solution as sodium salts. 

Separation of Halides from Silver and from Silver Cyanide. — The 
silver salt is treated with an excess of zinc and sulphuric acid, the 
metallic silver and the paracyanogen filtered dff, and the halides 
determined in the filtrate. 

Note. See the method |f determining chlorine, bromine, and iodine in 
presence of each other at end of this chapter. 
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SILVER CHLORIDE METHOD 

Thepprocedure is based on the insolubility of silver chloride in 
dilute nitric acid solution, the following reaction taking place, M rep- 
resenting a monatomic element: 

M.Cl + AgNOa = M.NO3 + AgCl 

From the equation it is evident that 35.45 grams of chlorine 
require 169.9 grams of silver nitrate. In practice it is best to add 
about 20% excess of the silver salt. 

Equivalents: 1 gram Cl, 4.79 grants AgNOa, 3,043 grams Ag. 

Reagents. — Silver Nitrate Solution. — Make up a solution con- 
taining 4.8 grams AgNOa per 100 cc. of distilled water, or dissolve 
3.05 grams of silver foil in 10 cc. of dilute nitric acid (1 : 1.6) and 
make up to 100 cc. 1 cc. of this reagent will precipitate 0.01 
grams of chlorine, or 0.0404 -|- grams AgCl. 

Dilute Nitric Acid. — One vol. IINO 3 to 1.6 vols. H 2 O (dist.). 

Procedure. — Soluble Chlorides. — Preparation of the Solution. 

1. Wcigli 0.4 to 0.5 grams of the salt on a watch glass or in a 
weighing botllc and transfer to a beaker or an Krlenmcyer flask. 

2. Dissolve *111 100 cc. of water and add 2 cc. of dilute nitric acid. 

3. Precipitation. — Calculate roughly the cc. of the silver nitrate 
reagent that arc required to precipitate the chlorine in the sample. 
If it is an unknown, consider the chlorine in the material to be about 
50%. Run the determination in duplicate. The first will be a guide 
to the amount of silver nitrate solution required. 

4. Add the silver nitrate from a burette, drop by drop, to approx- 
imately the quantity calculated to be necessary, stirring the solution 
during the addition. Allow the precipitate to settle and add a few 
more drops of Iho reagent, and continue the addition as long as a 
precipitate forms with the reagent. Now add about 20% in excess, 

5. Heat to boiling, covering the beaker with a watch glass. 

6. If the solfttion is still cloudy .stir vigorously. If the solution 
is in an Krlenmeyer flask the mixture may be shaken. This will 
cause the finely divided silver salt to coagulate so that the solution 
will settle out clear. Avoid exposing the precipitate to strong light, 
as this will cause the exposed surface to decompose into the sub- 
chloride Agaf^l and liberate chlorine. 

7. Filtration. — ; Two processes are commonly practiced. 

Filter paper method. — Decant the clear solution into a filter. 
Test the filtrate t(j be sure all chlorine has Ix^on precipitated by adding 
a drop or so of silver nitrate solution. Whsli the precipitate in the 
beaker twice by decantation and then transfer to the filter and wash 
until free of chlorides. The wash water should contain 1 cc. of nitric 
acid per 100 cc. of distilled water. 
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8. Dry the filter with its contents at 105° C either in the funnel 

in which the operation was conducted or on a .watch glass. It is 
advisable to protect the sample from dust by placing a large filter 
over the material. t* 

9. Remove as much of the precipitate as possible from the filter, 
placing the silver chloride on a 4 inch sijuare of glazed paper. 

10. Ignite the filter allowing the ash to drop into a weighed por- 
celain crucible. Add a drop of nitric acid and a drop of hydrochloric 
acid to react with any reduced silver. Place the silver salt (on the 
glazed paper) in the crucible and gently ignite until the chloride begiiis 
to melt. If the AgCl appears dark, moisten with HCl and again apply 
heat to expel the free acid. 

11. (k)ol in a desiccator. 

12. Weigh as silver chloride, (wt. crucible + AgCl) - wt. crucible 
= wt. AgCl. The compound contains 24.74% of chlorine. 

AgCl X 0.2474 = Cl 

13. Calculate the i)er cent chlorine from the weight of sample 
taken. 

Gooch crucible method. — Prepare a Cooch crucible filter with a 
moderately thick asbestos mat and wash thoroughly with distilled water 
containing 1 cc. nitric acid per 100 cc. of water. 

9®. Dry the crucible with mat in an oven at 100° C, then heat 
gently over a free blue flame. Cool in desiccator and weigh. 

10®. Wash the silver chloride, first by decantation, then transfer 
to the Gooch crucible, which has been i)laced in jiosition on a 
suction flask. (Consult directions for the preparation of a Gooch and 
the method of filtration under “ Laboratory Apparatus and Manipula- 
tions ” in the introductory chapter.) Gentle suction is applied and the 
precipitate is washed free of chloride by repeated additions of the 
wash water containing the nitric acid. 

11®. Place the crucible in an oven for 15 minutes or more and 
dry at 105° C. Now place over a free blue flame anti heat until the 
silver begins to melt. Cool in a desiccator. • 

12®. Weigh. The weight in excess of that due to the crucible 
is due to silver chloride. 

13®. Calculate percent chlorine as stated under the “ filter paper 
method/^ 12 and 13. 

t * 

Note. The silver chloride may be removed from the crucible by adding a 
piece of zinc and dilute sulphuric acid to the residue. 
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Chlorine in Ores and Cinders. — One hundred grams of the finely 
ground ore or cinde? are placed in a f)00-cc. flask, containing 300 cc. 
of strong sulphuric acid (Cl-free). The flask is shaken to mix the 
sample with the acid and then connected with an absorption ap- 
paratus, containing distilled water or dilute caustic solution. The 
sample is gradually heated, the distillation flask resting upon a sand 
bath. After two hours, which is sufficient to expel all the chlorine, 
as hydrochloric acid, the contents of the absorption tubes are filtered, 
if free sulphur is present (sulphide ores), nitric acid added and the 
filtrate brought to boiling to oxidize any SOo that may be present. 
Chlorine is precipitated according to the standard procedure. 

During the run the distilling flask should be shaken occasionally 
to prevent caking. Suction applied at the absorption end of the 
apparatus and a current of air swept through the system aids in 
carrying over the HCl into the water or NaOH. 



214 


METALLURGICAL ANALYSIS 


VOLUMETRIC METHODS. 

DETERMINATION OF CHLORINE IN ACID SOLUTION, | SILVER 
THIOCYANATE FERRIC ALUM METHOD — VOLHARD’S METHOD 

The method is applicable to titration of chlorine in acid solutions, 
a condition frequently occurring in analysis, where the Silver-Chromate 
Method of Mohr cannot be usccl. 

Copper (below 00%), arsenic, antimony, cadmium, bismuth, lead, 
iron, zinc, manganese, cobalt, and nickel, do not interfere, uilless 
the proportion of the latter metals is such as to interfere by intensity 
of the color of their ions. 

Preparation of Special Reagents. — N/IO Ammmiium or Potassium 
Thiocyanate Solution. — About 8 grams of ammonium or 10 grams of 
potassium salt are dissolved in water and diluted to one liter. The 
solution is standardized by titration against the N/10 silver nitrate 
solution. It is advisable to have 1 cc. of the thiocyanate equivalent 
to 1 cc. of the silver nitrate solution. 

N/lO Silver Nitrate. — This solution contains 10.788 grams Ag 
or 16.989 grams AgNOs per liter. If pure motallic silver is taken, 
the required weight is dissolved in nitric acid and made to 1000 cc. 
The solution is adjusted to exact decinornial strength^ by standardiz- 
ing against an N/10 sodium chloride solution, containing 5.846 grams 
of pure NaCl per liter. 

Ferric Indicator. — Saturated solution of ferric ammonium alum, 
(or ferric sulphate), is made by dissolving 10 grams of salt per 100 cc. 
and adding a few drops of sulphuric acid to clear the solution. 

Pure Nitric Acid. — This should be free from the lower oxides of 
nitrogen. Pure nitric acid is diluted to contain about 50% HNOs, 
and boiled until ])erfectly colorless. Keep in a dark bottle. 

Procedure. - To the solution, containing 0.003 to 0.35 gram chlorine 
in combination as a chloride, is added sufficient of the pure HNO3 
to make the solution acid and about 5 cc. in excess. To the solution, 
diluted to about 150 cc., is added an excess of stand^^rd silver nitrate 
reagent. The precipitated AgCl is filtered off and washed free of 
silver nitrate. The filtrate and washings are combined and titrated 
with standard thiocyanate.^ 

The filtrate from the precipitated chloride is treated with 5 cc. 
of the ferric solution, and the excess silver determined by addition of 
the thiocyanate until a permanent reddish-brown color ^is produced. 
Each addition of the reagent will produce a temporary reddish-brown 
color, which immediately fades as long as silver uucombined as thio- 
cyanate remains. The tijice of excess produces ferric thiocyanate, 
the reddish-brown color of this compound being best seen against a 
white background. From this titration the chloride is ascertained. 

One cc. N/10 AgNOa *= 0.0(3355 gram Cl or 0.00585 gram NaCl. 
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VOLUMETRIC DETERMINATION OF CHLORINE AS CHLORIDE 

IN A NEUTRAL SOLUTION. SILVER CHROMATE METHOD, 

MOIJR’S METHOD 

The method, worked out by Fr. Mohr, is applicable, for determin- 
ation of chlorine in water or in neutral solutions containing 
small amounts of chlorine; the element should be present combined 
as a soluble chloride. Advantage is taken of the fact that silver com- 
bines with chlorine in firesence of a chromate, Ag2CrC)4 being 
decomposed as follows: Ag2Cr04-|- 2NaCl = 2AgCl + Na2Cr04. When 
all the chlorine has gone into combination as AgCl, an excess of 
K2Cr04 immediately forms the red Ag2Cr()4, which shows the re- 
action of AgNOs with the chloride to be complete. 

Reagents. — Tenth Normal Silver Nitrate Solution. — Theoretically 
16.989 grams AgNO.i per liter are required. In practice 17.1 
grams of the salt are dissolved per 1000 cc. and the solution adjusted 
against an N/lO NaCl solution containing 5.846 grams NaCl per liter. 

Potassium 6^/? romaie. — Saturated solution. 

Procedure. — To the neutral solution (made so, if necessary, by 
addition of nitric acid or ammonium hydroxide), art' added 2 or 3 
drops of the potassium chromate solution. A glass cell ® (or a 50 cc. 
beaker) is filled to about 1 cm. in depth with water tinted to the same 
color as the solution being titrated. The cell is placed on a clear 
glass plate half covering the casserole containing the sample. The 
standard silver solution is now added to the chloride solution from a 
burette until a faint blood-red tinge is produced, the red change 
being easily detected by looking through the blank, colored cell. 

One cc. N/10 K2Cr04 = 0.003546 gram Cl. 

Notes. Chlorides having an acid reaction (AICI3) arc treated with an excess 
of neutral solution of .sodium acetate and then titrated with silver nitrate. 

Elements whose ions form colored solution with chlorine are precipitat/f^d 
from the solution by .sodium hydroxide or potassium carbonate, and the filtrate, 
faintly acidified with acjetic a(‘id, Is titrated as usual. 

• 

‘ Time is saved by filtering, through a dry filter paper, only a portion of the 
mixture made to a definite volume, and titrating an aliquot portion. The first 
10 to 15 cc. of the filtrate are rejected, 

* Upon addition of the ferric solution no color should develop. If a reddish 
or yellowish color results, more nitric acid is reipiired to di^stroy this. The 
amount of nitric acid does not affect results when within reasonable limits. 

* Depr6, A\ialyst, 6 , 123; also, Systematic Handbook of “Volumetric 
Analysis,” F. A. Sutton. 
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CHROMIUM 

Cr, at.wt. 62.0; sp.gr. 6.92; m.p. 1620'’; b.p. 2200° C; oxides, CrOs; 

Cr20a, CrOa 

OCCURRENCE ' 

The element occurs in nature only in combined form. \ 

Chrome iron or chromite, crocoitc, slags; chromic oxide (chro^ne 
green) in pigments ; chromates and dicliromatcs ; (dirorne steel and fer^o- 
chrome arc substances in which chromium is determined. 

Minerals. — Chromite^ Chrome Iron, FeO-Cr^Oa, sometimes with 
AI2O3 and MgO. Massive black, resembles magnetite; opaque, 
metallic to submetallic; brittle; dark brown streak, hardness 
6.5. Associated with serpentine, mechanically intermixed, giving rise 
to yellow and green spots or streaks. 

Crocoite, PbCr 04 , hyacinth-red mineral (like KaCr^O?), granular, 
columnar, or monoclinic crystals; orange streak; hardness 2.5-3. 

DETECTION 

Chromium is precipitated by hydrogen sulphide /ind ammonium 
hydroxide as bluish-green, Cr(OH)», along with the hydroxides of 
iron and aluminum (members of previous groups having been re- 
moved), The chromic compound is oxidized to chromate by action 
of chlorine, bromine, sodium peroxide, or hydrogen peroxide added 
to the substance containing an excess of caustic alkali. The chromate 
dissolves and is thus separated from iron, which remains insoluble 
as Fe(OH) 3 . The alkali chromates color the solution yellow. 

Barium acetate or chloride added to a neutral or slightly acetic 
acid solution of a chromate precipitates yellow barium chromate, 
BaCr 04 . Addition of ammonium acetate to neutralizer any free in- 
organic acid aids the reaction. 

Lead acetate produces a yellow precipitate wilji chromates, in 
neutral or acetic acid solutions. 

Mercurous nitrate or silver nitrate gives red precipitates. 

Hydrogen peroxide added to a chromate and heated with an acid, 
such as sulphuric, nitric, or hydrochloric, will form a greenish-blue 
colored solution. Chromates are reduced by hydrogen peroxide in 
acid solution, the action being reversed in alkaline solution. 

Reducing agents, hydrogen sulphide, sulphurous acid, ferrous 
salts, alcohol form green chromic salts in acid solution. 

Ether shaken with a chromate to which nitric acid and hydrogen 
peroxide are added, is colored a transient blue. 

HCr04 + 3 HNO 3 - Cr(N03)3 + 2 H 2 O + O 2 . 

The powdered mineral, containing chromium, when fused with 
soditim carbonate and nitrate, produces a yellow colored mass. 



Mt:TALHJRGICAL ANALYSIS 


219 


METHODS FOR THE DETERMINATION OF CHROMIUM 
Preparation and Solution of the Sample 

• 

Although powdered metallic chromium is soluble in dilute hydro- 
chloric or sulphuric acid, it is only slightly soluble in dilute or con- 
centrated nitric acid. It is practically insoluble in aqua regia and 
in concentrated sulphuric acid. Chrome iron ore is difficult to dissolve. 
It is important to have the material in finely powdered form to effect 
a rapid and complete solution of the sample. An agate mortar may 
be used to advantage in the final pulverizing of the substance. 

Chromium is one of the most refractory of the metals. It oxidizes 
slowly on heating. The element has three valences; the divalent 
chromium is basic in character and forms cliromous compounds with 
acids; the trivalent form, more commonly known, is also basic and 
forms chromic salts with acids; the hexavalent form, obtained by 
oxidation of a chromic salt in alkaline solution, is acidic in character 
and combines with bases to form chromate salts. Chromates are 
reduced in acid solutions by reducing agents, while they are formed 
in alkaline solutions by oxidation. 

Examples. CrCh chromic chloride. K 2 Cr 04 potassium chromate. 

General Procedures for Decomposition of Refractory Materials 
Containing Chrocnium. — The following fluxes may be used : 

A. Fusion with KIISO^ and extraction with hot dilute HCl. The 
residue fused with Na 2 C 03 and KCIO3, 3:1, or fusion with soda 
lime and KCIO3, 3:1. 

B. Fusion with NaIIS 04 and NaF, 2:1. 

C. Fusion with magnesia or lime and sodium or potassium car- 
bonates, 4:1. 

E. Fusion with Na202, or NaOH and KNO3, or NaOH and Na202. 
Nickel, iron, copper, or silver crucibles should be used for E. Plat- 
inum may be used for A, or C, 

Specif Procedures. — Materials High in Silica. — The finely ground 
sample, 1 to 2 grams, is placed in a platinum dish and mixed with 
2 to 5 cc. of concentrated sulphuric acid (1.S4), and 10 to 20 cc. of 
strong hydrofluo^;ic acid added. The solution is evaporated to small 
volume on the steam bath and to SO3 fumes on the hot plate. Sodium 
carbonate is added in sufficient amount to react with the free acid, 
and then an excess of 5 to 10 grams added and the mixture heated 
to fusion and kept in molten condition for half an hour. From time 
to time a crj^tal of Tpotassium nitrate is added to the center of the 
molten mass until 1 to 2 grams are added. {Caution. Platinum is 
attacked by KNOs, hence avoid adding a large amount at any one 
time.) Chromium and aluminum go into i^olution in the flux, but 
iron is thrown out as Fe(OH)8. The coolea fusion is extracted with 
hot water and filtered from the iron residue. Chromium is in solu- 
tion together with aluminum. If muCh iron is present it should 
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be dissolved in a little Jiydrochloric acitl and the solution poured 
into boiling 10% solution of potassium hydroxide, the cooled solu- 
tion -1- Fe(OH )3 precipitate is treated with hydrogen i)croxide or 
sodium peroxide to oxidize any chromium that may havc^bcen oc- 
cluded by the iron in tiie first preeijjitate. The mixture^ is again 
filtered and the combined filtrates examined for chromium. 

Note for thk Student. Determine ehromiiim in a soluble chromate by. 
the potassium iodide method as given on jiagc, 22 f. When familiar with this 
pro(5edure determim! chromium in a chroim* iron ore or in steel follow- 
ing the directions under “Sodium Peroxide Fusion” or the “Method lor 
Solution of Iron and Steel.” The volumetric methods are generally preferred 
in the determination of chromium. 

Sodium Peroxide Fusion. — Chrome Iron Ores. — Half to 1 grain 
of the finely pulverized ore is pla<;ed in an iron crucible (25-50 cc.) 
and mixed with about 5 grains of sodium peroxide. (Fresh peroxide 
is best.) The mass is gently heated over a Bunsen burner until it 
melts and the fusion kept at low red heat for about ten minutes, 
revolving the crucible to avoid overheating and melting of the vessel. 
If the melt is not clear additional peroxide (1-2 grams) should be 
added and the heating continued for a few minutes. 

On cooling, the crucible with the fusion is placed in a casserole 
containing about 150 cc. of distilled water. The crucible is upset 
in the water and the casserole covered until the violent action has 
subsided. The crucible is washed out and removed and tlie solution 
boiled to remove the excess of peroxide. 

To the solution is added sufficient ammonium carbonate to neu- 
tralize the greater part of the strong alkali (which would otherwise 
dissolve the filter) and the solution filtered, profera})ly by suction 
using a perforated plate with filter covered by a thin layer of paper pulp, 
in an ordinary funnel. The solution contains the chromium. 

Small amounts of chromium may remain in the residue. This is 
dissolved in dilute sulphuric acid added to the filter. (If any black 
particles remain, the filter should be ignited and tlie ash fused with 
peroxide as directed aboA^e, using relatively smaller amounts of reagent 
and water.' The extract is added to the chromium solution.) The 
acid solution is nearly neutralized with sodium carbbnale and sodium 
peroxide added until strongly alkaline. The solution is boiled to de- 
compose the peroxide, ammonium carbonate added as stated above 
and the solution filtered. This is combined with the main solution 
containing the chromium. , r 

If the gravimetric methods are to be followed the solution contain- 
ing chromium is acidified with nitric acid and the directions observed 
as given under the special method chosen. 

If the iodide or ferro'as sulphate methods are chosen for a volu- 
metric determination of chromium the alkaline solution is acidified 
according to directions given .under the method that is to be followed. 
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Metfiod for Solution of Iron and Steel. — One gram of steel is 
dissolved in 20 ce. of dilute sulphuric acid, 1; 3. When the evolution 
of hydrogen from the metal has subsided and no further action is 
evident ]|itric acid is added drop by drop until the iron is oxidized, 
about 5 cc. of IINOa should be ample. The solution is now boiled 
until free of nitrous fumes and to the hot solution is added drop 
by drop a strong solution of yiotassium permanganate in just sufficient 
amount to form a permanent brown preciyiitatc of JMnOs. A large 
excess is to be avoided. If the solution is slightly yhnk, it is boiled 
until the pink color disayipears. The solution is cooled and filtered 
through an asbestos filter, using suction. (A Gooch crucible is satis- 
factory.) Chromium is determined in tlie solution by the ferrous sul- 
phate method according to directions given under this method. 

It is ad\dsable to treat the residue on the filter with dilute sul- 
phuric acid containing a little ferrous sulpliate. If any dark colored 
residue remains the decomposition of the ore has not been complete 
and this residue must be again treated witli sulpliuric and nitric acids 
as stated in the procedure above. The extract is added to the main 
solution. 

Separation of Chromium, Iron, and Aluminum. — If chromium has 
been fused with sodium peroxide or carbonate containing a little po- 
tassium nitrate, and the fusion extracted witli boiling water, most 
of the chromiuai goes into solution as a chromate, together with 
alumina, but some of the chromium is occduded by Fe(OH) 3 . If the 
amount of the iron jirocipitate is apyireciable, and warrants the recovery 
of occluded chromium, it is dissolved in hydrochloric acid and the 
iron rcpreeipitalcd by yiouring into a solution of strong sodium hy- 
droxide. Before filtering off the iron hydroxide, a little llaOo is added 
to oxidize the CVoOg, if accidentally present, and the solution boiled 
and filtered. The (combined filtrates will contain all of the chromium 
and aluminum. 

If chromium is present as a chromic salt, instead of a chromate, 
it is oxulized to the higher form, by adding yicroxidc fllaO-i or NasOz) 
to the alkaline solution. Bromine added to this solution or chlorine 
gas passed in will* accomplish complete oxidation.^ It must be remem- 
bered that in acjcl solutions hydrogen peroxiflo, sodium peroxide, 
nitrites will cause reduction of chromates to chromic salts (exception, 
see method for solution of steel), so that these should be boiled out of 
the alkaline solution before making decidedly acid with hydrochloric 
or sulphuric acids. Since these arc difficult, if not impossible, to com- 
pletely expel *from £fn alkaline solution, after boiling the strongly 
alkaline solution, dilute sulphuric acid is added until the solution 
acquires a permanent brown color (nearly acid), acid potassium sul- 

1 Br. may be added and then NaOH t.o oxidiz? Or and precipitat-c Fe(OIT)8 

Chromic oxide and most of its compounds, except chrome iron stone, may be 
decomposed by cone. HNOs + KCIO 3 (adde4 m small portions). M. Groger, 
Zeitsch. Aiiorg. Chem., SI, 233-242, 1913. 
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phate, KHSO 4 , is added, and the boiling continued.^ This*will de- 
compose the bromates and expel bromine, etc., but will not cause the 
reduction of the chromate, as would a strong acid solution. 

Separation of Chromium from Aluminum. — This sepc ration is 
necessary if chromium is to l)c precipitated as Cr(OH) 3 . The sodium 
chromate and aluminate solutions are made slightly acid with nitric 
acid and then faintly alkaline with ammonium hydroxide, A1(()H)8 
is precipitated and chromium remains in solution as a chromate. The 
separation is not necessary if chromium is to be determined by the 
volumetric procedures in acid solution. 

^ See Separations. 
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GRAVIMETRIC METHOD FOR THE DETERMINATION 
OF CHROMIUM 


PRECIPITATION OF CHROMIC HYDROXIDE AND IGNITION 
TO CfiOa^ 


Chromium present as a chromic salt in solution, free from iron and 
aluminum or elements precipitated as hydroxides, is thrown out of 
solution by NH^iOH as Cr(OH)3, the precipitate ignited to the oxide, 
Cr203, and so weighed. The presence of hydrochloric acid or sul- 
phuric acid does not interfere. 

Reduction. — If tlie cliromium is already present as the chromic 
salt, free from iron and alumina, it may be precipitated directly as 
the hydroxide by addition of ammonia; otherwise, if present as the 
chromate, as is 1h(^ case when a separation from iron and alumina 
has been necessary, and in cases where the chromium has been brought 
into solution by fusion with an oxidizing reagent, reduction is neces- 
sary. This is accomplished by passing SO2 or H2S into the slightly 
acid solution of the chromate, or by adding alcohol to the hydrochloric 
acid solution and boiling until the solution appears a deep grass green. 
Twenty cc. of alcohol for every 0.1 gram of Or has been found to be 
ample for this reduction. The S()2 or H2S should be expelled from 
solution by boiling, in case cither has been used for reduction of the 
chromate. 

Precipitation. Ammonium hydroxide or ammonium sulphide are 
added in slight excess and the solution boiled for about ten minutes. — 

The solution should be slightly alkaline (litmus), otherwise a few 
drops of ammonia should be added, but not a large excess; the solu- 
tion will then settle out clear. A cloudy solution results from pro- 
longed boiling when the solution has become acid; on the other 
hand, a large excess of ammonia will prevent complete precipitation 
of chromium and the fdtrate will be colored pink or violet. The 
chromic hydroxide in filtered. Since the precipitate is apt to be gela- 
tinous it is advisable to wash two or three times by decantation and 
several times oruthe paper. The well-drained precipitate and filter is 
ignited wet in a porcelain or platinum crucible, first over a low flame 
until the paper has been charred, then over a strong gas flame for 
about thirty minutes, and finally a blast heat for five minuteis. The 
green residue js weighed as Cr203'^ 

CrsOs X 0.6846 - Cr. 


^ It is advisable to take such a weight of samnlo that the ignited (>208 does 
not exceed 0.5 gram in weight. • 

* Cr 20 .i, mol.wL, 152; sp.yr.. 5.04; w.p., 2059° C.; insol. in II 2 O, .slightly sol. 
in acids, dark green hexagonal. 
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VOLUMETRIC METHODS 

Potassium Iodide Method for Determination of Chromium 

The procedure depends upon tlie fact that chromium, present as a 
chromate, is reduced in acid solution by tlie addition of potassium 
iodide, the liberated iodine being titrated by standard thiosulphate. 
The reactions taking place may be represented as follows : 

(а) 2 Cr 03 + 6KI = Cr^Oa + SKsO + 01 

( б ) I2 "h 2Na2S203 = 2 Nal -{- Na2S406 

The presence of large (juantities of Ca, Ba, Sr, Mg, Zn, Cd, Al, 
Ni, Co, II 2 SO 4 , cold dilute HCl does not interfere. 

Reagents : 

N/10 Sodium Thiosulphate 

Starch Solution 

Potassium Iodide, 50% solution 

Potassium Acid Sul])hatc 30% solution 

Procedure. — 1. Solution of the sample. — The methods for decom- 
position have been given under Preparation and Solution of the 
Sample, 0.5-1. 0 gram of the finely divided chrom iron-ores being pre- 
ferably decomposed by the peroxide fusion in an iron crucible, chronic 
steels being decomposed by acid treatment with strong suljihuric acid, 
nitric acid followed by potassium permanganate. Iron of the steel 
sample should now be removed by making the solution alkaline. 
Filtration is accomplished, preferably by suction, using cither a Gooch 
crucible, or a perforated porcelain plate in a funnel with a small filter to 
fit the plate. See details under Preparation and Solution of the sample. 
After washing the residue at least five times, proceed as follows: 

2. The filtrate contains the chromate freed from iron and other 

impurities which would interfere in an iodide treatment. , Nearly 
neutralize the solution with dilute sulphuric acid or hydrochloric acid 
in a flask of about a liter capacity. If any peroxide ts suspected to be 
still present the solution must be boiled at this stage. If this has 
been removed in the preliminary treatment for obtaining the solution, 
make the solution slightly acid. The color will deepen to an orange 
color when it becomes acid. A piece of litmus paper dropped into the 
flask will act as indicator. Now add about 25 cc. excess of hydro- 
chloric acid (1:1). * 

3. Cool the solution and to the cold solution add 2 to 5 cc. of the 
50% potassium iodide reagent There should be present about 2 cc. 
of the reagent for 0.05 g|am of chromium. 

4. Titrate the liberated iodine with standard thiosulphate reagent 
until the brown color becomes faint. Now add about 5 cc. of the 
starch solution and continue the titration, very cautiously, drop by 
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drop, until the color due to the Ktarch just disappears with an added 
drop of the thiosulphate. The liquid will become a clear bluish green 
tint at this stage, the depth of the color being governed by the amount 
of chromium present. 

5. If N/IO thiosulphate reagent is used, 1 cc. = 0.001733 g. of Cr. 
Multiply by the factor and calculate the per cent of chromium present. 

Notes. In the redue.tiou of ehroiniiim it is evident that for iwcry two mole- 
cules of chromium, three molecules of oxygen arc removed, himce a gram molec- 
ular weight, namely 52 grams of chromium per liter is eiiuivalent to Ij moles 
of oxygen or 24 grams. Now sima* 8 grains of oxygi'u per liter is a normal solu- 
tion of available oxygen, it is evident that J the molecular weight of chromium 
per liter would be its eiiuivalenl, i.e. 17.33 grams or 0 01733 g Cr, per cc. 

Potassium iodide is acted iijxm by an oxidizing agent as follows: 

2KI + O = K/) H- 21 

Hence in the reduction of 2003 to Gr^Oa we have the reaction given on the pre- 
vious page in the introduction of the method. 31 are liberated for each atom 
of (V. 

In pla(‘(! of using a normality solution of thiosulphate A. 11. Low suggests 
the following: 

“yl. The sodium thiosulphate solution used for copper may be employed, 
in which caai* the copper value inultiplKnl by 0 2727 tlu* chronuuin value. 
This solution is usually ineoiivcuiKuitly weak tor chrom(‘ iron ore. It is better 
to jirepare a solution containing about 3() grains of th(* crystallized sodium thio- 
Buiplmte per liter (with about 5 grams of NaOH added t-o jireserve it). The 
iodine liberated hj^ the permanganate is equivalent to a certain amount of 
chromium. This is determine<l by multiplying the P(‘ value of th<; amount of 
permanganati; run in by 0 31()5. Titrate this iodine with thc^ thiosulphat(‘- solu- 
tion as d(‘scribed above Divide the corr(‘S])onding amount of chromium by the 
cc. of thiosulphate ri'quired, to obtain the valiK' of 1 cc. m chromium I cc. will 
be found to be equal to about 0 5o;, of chromium, on the basis of 0.5 gram of 
ore takiai. 

li. I'he thiosulphate may also be .standardiz(*d against pure potassium 
dichromate. On the 0 5 gram basis, 0 283 gram of K2G'r2f)7 ^ exactly 20% of 
chromium. Weigh this amount of powdered salt into a flask of a liter capacity, 
add about 400 cc. of cold water an<l about 30 cc. of 1 : 1 HCl. Cool under the 
tap, add 2 grams of Kl, or 4 cc. of a 50%, .solution, and titrat.(^ with the thiosul- 
phate. Lhvide the 20% of <*hromium present by the number of cc. of thiosul- 
phate used to find the percentage vahn* of 1 cc.” 

Normal or tentj,i normal thiosulphati^ is commonly employed in a number 
of determinations. Molecular weight NajSgOs 5H2() -= 248 20. 25 grams per 
liter are geii(‘rally •taken for N/lO solutions and the reagemt standardized 
against pure iodine (see undei the chapter on Iodine). 

Sodium peroxide i.s generally used for oxidation of chromium. The solu- 
tion is now neutralized with acid, the iodide added and 10 cc. of strong HCl. 
The liberated iodine, is immediately titrated. 

If desired, stronger solutions of titration reagents may be used, and con- 
sequently larger sample*; taken. A normal sol. of Na2S203 may be used to 
advantage with 1 gram samples of chromium salts or hydrates, where Cr 
exceeds 10 percent. 

Sutton recommends for every 0.5 gram K2Cr207 present to add .5 gram 
KI, and 1 8 grams H2SO4 per 100 ce. of 8olution.| If more K2Cr207 is present, 
increase the KI and 112804, but not the wat<;r. 

If desired, a normal solution of thiosulphate may be used with one gram 
sample of chromium salts or hydroxides, wWn the chromium present exceeds 
10 ^rcent. 
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VOLUMETRIC DETERMINATION BY REDUCTION OF THE 
CHROMATE WITH FERROUS SALT 

The determination may be made in the presence of ferric^ iron and 
alumina, hence the method is suitable for the determination of chro- 
mium in iron and steel and aluminum products. Hydrochloric and 
sulphuric acids do not interfere. If hydrochloric acid is present the 
titration with potassium dichromate to oxidize the excess of ferric salt 
is necessary. If this acid is absent either the permanganate or dichro- 
mate reagents may be used. 

The method depends upon the reduction of chromates in solution 
by addition of a ferrous salt in known amount in the form oia solutibn 
in excess of that required to reduce tlie chromate. The excess of 
the ferrous solution is now determined by titration with a standard 
solution of potassium dichromate or permanganate. The reactions 
occur as follows: 

Reactions: 

(a) 2 CrOa + 6 FeO -h Xs FeO == Cr^O, ^ 3 Yc^O, + Xs FeO 

(h) Xs FeO is titrated with KMnOd or K 2 Cr 207 . (See notes.) 

Reagents: Standard Ferrous Solution. — Ferrous ammonium sul- 
phate N/10 solution, contains 39.214 grams per liter. It is advisable 
to take 40 grams per 1000 cc. Clear the solution with a few drops 
of strong H2SO4. 

Molecular weight of FeS 04 .(Nn 4 ) 2 S 04 . 0 H 20 = 392.14. 

Standard Potassium Dichromate. — K 2 Cr 207 , mol. wt. 294.2. Since 
the salt used as an oxidizing agent has three available oxygens per 
molecule, one-.sixth of its molecular weight, i.e. 4.903 grams of the 
pure salt per 1000 cc. are required for a N/10 solution. 

Standard Potassium Permanganate. — KMn(> 4 , mol. wt. 158.03. 
Since the salt used as an oxidizing agent has five available oxygens 
per two molecules 2 KMn ()4 = K 2 O.Mn 2 O 2 . 5 O, or 2i O per molecule, 
equivalent to 5 H, therefore a normal solution contains 1/5 of the gram 
molecular weight, i.e. 31.606 grams per 1000 cc. For a N/10 solu- 
tion 3.2 grams of the pure salt are dissolved in w%ter and made up 
to 1000 cc. The reagent after standing several days is standardized 
against pure iron, or sodium oxalate. Details of* this preparation 
are given in the chapter on reagents. 

Procedure. — 1. Solution . — Half to one gram of ore or 1 gram of 
chrome steel are dissolved according to directions given under Prepara- 
tion and Solution of the Sample, the ore preferably by peroxide fusion 
and the steel by solution with sulphuric acid (1:3) with subsequent 
treatment with nitric acid and potassium permanganate as stated. 
The solution should be f|ee from nitric acid or potassium permanga- 
nate. The removal of iron is not necessary as is the case with the 
potassium iodide method. The solution having been obtained, proceed 
as follows : 
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2. heduction . — The solution should contain not over 0.17 gram of 
chromium if N/lO reagents are to be used. If oxidizing agents are 
suspected, boil the solution, having added sufficient sulphuric acid to 
almost ilbutralizc any alkaline salts present. The preliminary treat- 
ment for obtaining the solution should have been sufficient so that 
tliis procedure should not be necessary here. Now acidify the solution 
with H 2 SO 4 , adding 5 cc. excess. 

3. To the cooled solution add N/10 ferrous ammonium sulphate, 
until the solution changes from the yellow color to olive green and 
finally grass green. For every 0.1 gram of chromium present about 
65 cc. of the reagent will be required. 

4. Allow to stand for about five minutes. Now titrate the excess 
of the ferrous salt with standard permanganate or dichromate. 

Potassium Permanganate Titration. — This reagent is generally pre- 
ferred, but the solution should be free from hydrochloric acid. (Notes.) 

5. Add the oxidizing reagent until the green color gives place to 
a tinge of violet. At the end point the solution appears to darken. 
A slight excess of permanganate gives the solution a pinkish color, 
readily distinguished in the green. A little practice enables one to get 
this with great accuracy. Addition of 3~5 cc. of syrupy phosphoric 
acid gives a sharper end point, as it fades the color due to iron. The 
color of the permanganate should hold for one minute. 

6. The y)ernfanganate titrates the excess of ferrous salt present. 
Convert the cc. of N/ 10 ferrous solution to exactly N/10 by multiplying 
by the normality factor, if this is necessary. Also convert the cc. of 
permanganate rec^uired to exact cc. of N/10 if the reagent is not exactly 
N/10. We have now the exact cc. of N/10 strength that were added to 
reduce the chromate, and the cc. of N/10 permanganate required to 
oxidize the excess of the ferrous solution. The difference is the cc. of 
N/10 ferrous sulphate that were used by the chromate in its reduction 
to CraOa, of which each cc. required is equivalent to 0.001733 g. Cr. 

(cc. N/lO.Fe solution — cc. N/10 KMnOi solution) X 0.001733 = 
g. Cr. • 

Potassium Dictromate Titration. — This reagent may be used if 
free hydrochloric acid is present in the reduced chromate solution. 

5®. Add the (fichrornate reagent to the reduced chromate solution 
until a drop of the sample placed on a white glazed surface with a 
drop of potassium ferricyanide reagent no longer gives a blue color, 

6^. Convert the cc. of dichroraate required to exactly N/10 equiva- 
lent, if the recent is jiot exactly N/10 in strength. (Multiply by the 
normality factor.) 

Subtract the cc. of N/10 dichromate from the cc. of N/10 ferrous 
salt used and multiply the difference by 0.001733 « gram Cr. 

Notes. As seen by the reaction, two molecules of chromium lose three 
atoms of oxygen, equivalent to six atoms of hydrogen, hence Cr » 3H and 
a normal solution would contain i the atomic weight of Cr » 17.33 grams 
per liter. 
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INDUSTRIAL PRODUCTS AND RAW, MATERULS 

Determination of Chromium in a Soluble Chromate 

To a concentrated solution of potassium iodide is added a known 
amount of the soluble chromate dissolved in a little water. The 
liberated iodine is now titrated with standard thiosulphate reagent. 

N/10 Na^SoCa = 0.001733 g. Cr. 

Determination of Chromium in Chromite 

About 0.2 g, of the powdered ore is fused with ten times its weight 
of NaoO'i in a })or(*elain crucible, placed inside a larger crucible. The 
melt is dissolved in water and the Ee(OH)3 filtered off. The filtrate 
is evaporated to dryness, the residue taken up with as little water as 
possible and about two grams of KI added. The solution is now' 
diluted to about 300 cc. and he liberated iodine titrated with standard 
thiosulphate. 

N/10 Na^SsOa = 0.001733 g. Cr. 

Rapid Method for Determination of Chromium in Steel 

Throe grams of steel arc dissolved in 100 cc. of sulphuric acid 1 to 4. 
If it does not dissolve ra])idly a crystal of (N 114)2(^04) 2 will hasten 
it. After solution add cone. IINOh until iron is oxidized. Boil for 
one minute, add 10 cc. 5% AgNOx, remove from flame and add 
crystals of Am. Persulphate until all the chromium is oxidized as 
shown by the manganese being converted to Permanganate. Boil 
until persulphate is broken up and then add 5% sodium chloride until 
permanganate is destroyed as shown by the disappearance of the red 
color. An excess of salt solution should be avoided. (k)ol thoroughly 
and titrate with ferrous sulphate, determining the excess with perman- 
ganate. These solutions are standardized on a known sample of 
chrome steel. , 

Two determinations run simultaneously will check wdthin 0.2%. 

Colorimetric Estimation of Small Amounts of Chromium with 
Diphenyl Carbazide 

Diphenyl carbazide, CO (MH.NH.C 8115)2, gives a violet color with 
chromic salts or chromates in acid solution, the intensity of the color 
being proportional to the concentration of the chromate. Less than 
0.0001 milligram of chromium may be detected by this reagent. The 
following procedure may f)e used for determining traces of the element : 

1 to 2 grams of the sulDstance, which has been brought into solution 
with water or acid, is treated with an excess of sodium peroxide to 
oxidize chromium, and the solution filtered. The filtrate, concen- 
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trftted to*75”80 cc. is acidified witli liydrochloric, so that there is 
present about 5 cc. o£free concentrated acid (sj). gr. 1.19) per 100 cc. 

Solution. The Solution transferred to a Ncsslcr tube, is treated 
with 1 cc.lof the reagent, and the color compared with standards 
containing the same reagents as tlie sample examined. A colorimeter 
may be used and comi)arison made wdth a standard according to de- 
tails given for the colorimetric comparison of traces of lead or titanium. 

Preparation of Diphenyl Carbazide Reagent. — One tenth of a gram 
of the compound is dissolved in 10 cc. of glacial acetic acid and diluted 
to 100 cc. with ethyl alcohol. 

Diphenyl carbazide may be made by heating a mixture of 15 grams 
of urea with 50 grams of phenyl hydrazine four hours, finishing at 
155® C. The solid product is crystallized three times with alcohol. A 
light straw-colored product is obtained. A white product is obtained 
if the urea is cut down to 5 grams, the yield, however, is only 25 per 
cent of that obtained by the first method and the compound possesses 
no advantages. 
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COBALT 

Co, at.wt. 68.97; sp.gr. 8.7918; m.p. 1478° C.; b.p. unknown; oxides, C03O4, 
C02O3, CoO, C0O2 

The analysis of cobalt is generally recjuired in the valuation of 
ores of cobalt and nickel, which are generally arsenides, arsenates, 
sulphides, oxides, carbonates and silicates. It is determined in mattes, 
speiss, blister copper, smalts,^ slags, catalytic agents, vat liquors, 
alloys of iron, copper, nickel and other metals. 

OCCURRENCE 

Cobalt is found native in meteoric iron. It occurs in a number of 
minerals, frequently associated with nickel, iron, arsenic, antimony, 
sulphur. 

Minerals. — Lmnmite, (k)balt pyrites, (CoNi) 3 S 4 , a steel gray 
opaoue, brittle mineral with metallic lustre, often with reddish tarnish, 
black streak; hardness 5.5. Soluble in nitric acid to red solution. 
Borax bead gives a blue color. 

Smaltitef (Co.Ni)As 2 , tin white to steel gray, brittle, opaque 
mineral with metallic lustre, usually occurs granidar massive, occasion- 
ally in isometric crystals: cleavage ocathedral; hardness 5.5-6. 

Cohaltitej Cbbalt Glance, CoAsS, resembles linnaeite in massive 
state. Silver white to gray, opaque, metallic mineral with black streak, 
brittle with cubic cleavage; hardness 5.5. Eiythrite, Ck> 3 (As 04 ) 2 . 8 If 20. 

Cobalt is usually estimated as metal; either reduced by hydrogen 
from the ignited oxide or reduced by electrolysis frcjm an arnmoniacal 
solution of its salts. Sometimes, however, it is estimated as oxide; 
usually as C 03 O 4 . The reduction of the oxide by h^olrogen may be 
carried out in conjunction with any process giving an oxide, 'hydroxide, 
carbonate, nitrate, chloride or an organic compound,, as a final product. 

The reduction of the metal, in solution, by electrolysis, must be 
accomplished in a strongly arnmoniacal solution free from copper and 
nickel, as these metals are deposited with the cobalt on the cathode. 
When desirable the copper and nickel may be estimated after the 
electrolysis by dissolving the deposit from the cathode and proceeding 
in the usual manner. . • 

Cobalt has remarkable catalytic properties in the oxidation of 
ammonia to nitric acid. This property is accentuated by the presence 
of certain other elements, such as bismuth, beryllium (Glucinum)’ 
cerium, aluminum, etc,, ^present in very small proportion, the efficiency 
being equal to that obtained with platinum. 

<1 

* Smalts, blue pigment of cobalt glass, finely ground. 
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DETECTION 

See m|thod of solution given on following page. 

After the removal of the elements precipitated by hydrogen sul- 
phide from acid solution, a little nitric acid is added to the solution to 
oxidize to the ferric state any ferrous salts which may be present, and 
•ammonia is added until its odor is distinctly perceptible, to pre- 
cipitate iron, aluminum and chromium. This precipitate is removed 
by filtration and hydrogen sulphide passed through the ammoniacal 
solution to precipitate cobalt, nickel, manganese and zinc. After 
collecting this prccij>itate it is washed thoroughly with cold hydro- 
chloric acid of approximately 1.035 specific gravity, to remove man- 
ganese and zinc. A small quantity of the residue is fused with borax 
in the loop of a platinum wire. A blue color in thc*cold bead indicates 
cobalt. This test is masked in the presence of large quantities of 
nickel. In this case the residue is dissolved in hydrochloric acid to 
which a few drops of nitric acid have been added and the solution 
evaporated to dryness. The residue is redissolved in water, acidified 
with hydrochloric acid and the cobalt precipitated with a hot solution 
of nitroso-bcta-naphthol in 50% acetic acid. A brick red precipitate 
indicates cobalt. 

Potassium sulphocyanate, KCNS, produces a blue color with cobalt. 
Alcohol and ether are added to this solution and shaken. The ether 
layer is colored blue by cobalt. If iron i.s present a solution of sodium 
thio-sulphate, Na 2 S 203 , is added until the red color disappears, the 
solution filtered and then treated with the alcohol-ether mixture. 

Potassium Nitrite, KNO 2 , added to a neutral or slightly acid 
solution containing acetic acid, will precipitate cobalt as a yellow 
complex nitrite having the formula K(iCo 2 (N 02 )i 2 . 

A solution of dicyandiamidine sulphate and sodium hydroxide added 
to a cobalt solution to which ammonia has been added until the odor 
is distinctly discernible, and containing from 10 to 20 cc. of 10% 
sugar solution, will change the color of the solution to red or reddish 
violet. If large quantities of nickel are present the color will be 
yellow or reddish yellow, after which the nickel will separate out in 
brilliant crystals, leaving the cobalt in solution, coloring it as described 
above. 

A concentrated solution of ammonium sulpkocyanate added to a 
cobaltous solution colors it blue. On dilution this becomes pink. 
Amyl alcohol ar a mixture of amyl alcohol and ether 1:1, added to 
this and shaken, extracts this blue compound. Iron sulphocyanate, 
Fe(CNS) 3 , likewise colors the ether-alcohol extract red, which may 
mask the cobalt blue. By addition of sodium |Carbonate solution ferric 
hydroxide precipitates, while the cobalt color will remain after this 
treatment. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION OF 

COBALT I 

Preparation and Solution of the Sample 

General Procedure for Ores. — The ores containing cobalt vary 
widely in their chemical nature that it is difficult to lay down a method 
for treating all ores. However, as the principal ores contain the cobalt 
as a sulphide or arsenide the same general methods may be used i^ 
the majority of cases. In all cases it is necessary to prepare the 
sample for treatment by grinding finely. Usually either of the above 
ores may be brought into solution by heating with strong nitric acid 
or a mixture of nitric and hydrochloric acids, except silver- bearing 
ores, which may usually be dissolved in a mixture of nitric and sul- 
phuric acids. 

While it is desirable to use no more acid than is necessary to bring 
the sample into solution, an excess will not interfere, as it may Ixi 
driven off by evaporation and in the event of determining the cobalt 
electrolytically it is essential that the solution be free from nitric 
acid, so that this evaporation becomes part of the procedure. 

In the case of especially refractory ores or oxides of cobalt or 
nickel, a fusion with potassium bisulphate will usually be found suffi- 
cient as a preliminary treatment to enable it to be brought into 
solution. 

Metallic Cobalt, Nickel and Cobalt Alloys. — Metallic cobalt dis- 
solves readily in nitric acid, as do nickel and the ordinary cobalt 
alloys. There are some alloys of cobalt, however, which require fusion 
with sodium peroxide before they become amenable to further treat- 
ment. Among these are certain cobalt-chromium alloys. 

Separation of the Ammonium Sulphide Group Coijitaining Cobalt 
from the Hydrogen Sulphide Group. — Mercury, Lead, • Bismuth, 
Copper, Cadmium, Arsenic, Antimony, Tin, Gold, Molybdenum, etc. 

Hydrogen sulphide passed into a hydrochloric ^cid solution con- 
taining from 5 to 7 cc. of concentrated hydrochloric acid per 100 cc. 
of solution, precipitates only the members of that group and silver, 
whereas the members of the subsequent groups remain in solution. 
If the solution is too acid, lead and cadmium are not completely 
precipitated. ^ 

Separation of the Ammonium Sulphide Group from the Alkaline 
Earths and Alkalies. — Ammonium sulpliide, free from carbonate, added 
to a neutral solution obtaining the above elements in the presence' 
of ammonium chloride, Iprecipitates only the members of this group; 
the alkaline earths, metals, magnesium and the alkalies remain in 
solution. A second precipitation should be made if large quantities 
of the alkaline earths or alkalies are present.. 



mItallurgical analysis 233 

Sepaittian of Cobalt and Nickel from Manganese. — The solution 
of the chlorides or sulphates of cobalt or nickel is treated with an 
excess of sodium carbonate and then made strongly acid with acetic 
acid. Ablut 5 grams of sodium acetate for each gram of cobalt or 
nickel present is now added, the solution diluted to 200 cc. and heated 
to about 80“ C. and saturated with hydrogen sulphide. Cobalt and 
nickel are precipitated as sulphides and the manganese remains in 
solution. The filtrate is concentrated, and colorless ammonium 
sulphide added when the cobalt and nickel that may have passed 
into solution from the hydrogen sulphide treatment will be precipitated. 
The treatment should be repeated with the second filtrate to ensure 
complete precipitation of the cobalt and nickel. 
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PRECIPITATION OF COBALT BY NITROSO-BETA-NAPHfHOL 

Nitroso-beta-naphthol, CioHeCNOH), added * to a hydrochloric 
acid solution of cobalt, precipitates cobalti-nitroso-beta|naphthol, 
Co(CioH 60(NO))3; nickel, if present, remains, in solution. The 
method is especially suitable for the determination of small amounts 
of cobalt in the presence of comparatively large amounts of nickel. 
The cobalt precipitate is voluminous, so that the sample taken for' 
the determination should not contain over 0.1 gram of cobalt. The 
reagent will also precipitate copper and iron completely from solution^ 
and silver, bismuth, chromium and tin partially; but mercury, lead, 
cadmium, arsenic, antimony, aluminum, manganese, nickel, glucinum, 
calcium and magnesium remain in solution. 

Procedure. — To the solution containing the cobalt is added a 
freshly prepared hot solution of nitroso-b(ita-naphthol, in 50% acetic 
acid, as long as a precipitate is produced. After allowing it to settle, 
more of the reagent is added to insure complete jireeipitation of the 
cobalt. The compound is allowed t(» settle for two or three hours, the 
clear solution decanted through a filter and the precii)itate washed by 
decantation with cold water, then with warm 12% hydrochloric acid solu- 
tion to remove the nickel, and finally with hot water until free of acid. 

The brick-red precipitate is dried, then ignited in a weighed plati- 
num crucible (Hose crucible), first over a low flame, and finally at a 
white heat, the crucible being covered by a platinum cover (Rose 
crucible type) with a platinum tube, through which is passed a slow 
current of oxygen. The residue is weighed as (' 0 . 3 O 4 . The oxide may 
be reduced in a current of hydrogen and weighed as metallic cobalt. 
Ignited in the presence of CO 2 the oxide CoO is formed. 

PRECIPITATION OF COBALT BY ELECTROLYSIS 

Metallic cobalt is readily deposited from an ammoniacal solution 
of the sulphate, but in the presence of copper and nickel these are 
also completely precipitated on the cathode; so, in case it ig desired 
to determine the cobalt alone it is necessary to separate these metals 
from the solution before electrolysis or to determine •them separately 
after electrolysis in a solution of the metallic deposit. In practice 
the copper is usually separated before electrolysis and the nickel, if 
determined separately, is estimated afterward by one of the methods 
given under Nickel, the cathode deposit being dissolved for this purpose. 

Procedure. — After preparation and solution of the sample the 
usual separations with hydrogen sulphide in acki solution are made 
if necessary. In most cases it is necessary to pass hydrogen sulphide 
through the warmed solution for at least one hour to insure the com- 
plete precipitation of ar^nic. Filter and boil to expel hydrogen 
sulphide. Add 5 cc. of hylrogen peroxide to insure oxidation of iron 
compounds to ferric state and add ammonium hydroxide until slightly 
alkaline to litmus. Filter off Terric hydroxide and wash with water 
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contaimifR a small quantity of ammonium hydroxide. Redissolve and 
reprecipitate this ferric hydroxide in the above manner, using a little 
hydrogen peroxide in each instance, until the last traces of cobalt 
have bcel removed from it, keeping the filtrates, which should be 
as small as possible, to add to the main filtrate. If much iron is 
present this is best removed as the basic acetate. 

Electrolysis. — If the treatment of the iron precipitate has made a 
‘large volume of solution this may be reduced by evaporation, after 
which 50 cc. of strong ammonia are added and the solution electro- 
lyzed, using direct current of 2 volts and 0.5 ampere per square deci- 
meter. The electrodes should be platinum, the anode a spiral wire 
and the cathode cither a hollow cylinder or a cylindrical gauze. By 
agitating the solution, raising the voltage and the current density, 
the rate of dc[)osition may he increased. In a properly agitated 
solution the deposition may be completed in forty-five minutes. 

The current sliould not be cut off until the solution is tested to 
determine if the electrolysis is complete. This is done by mixing a 
drop or two of the solution from the end of a stirring rod with a few 
drops of ammonium sulphide. If the electrolysis is complete the 
mixture will remain colorless, but if some cobalt still remains in the 
solution the mixture will be darkened. After the electrolysis is com- 
plete the cathode is carefully removed from the solution and dipped 
into a beaker of clean water, after which it is washed with alcohol, 
preferably ethyl alcohol. 

If a large number of electrolytic determinations arc to be made, it 
is convenient to have a wide-mouthed bottle with a wcll-ground-in 
glass stopper or a cork stopi)cr for holding the alcohol for the pre- 
liminary washing. The mouth should be large enough to receive the 
cathode without pouring out the alcohol. The cathode may be lowered 
into the alcohol in this bottle, which should only be partly filled, and 
then rinsed again by pouring fresh alcohol over it and allowing it 
to drain into the wdde-inouth bottle. This allows a great many 
cathodcjj to be washed with a comparatively small quantity of alcohol. 
Directly after the final washing with alcohol the cathode is passed 
through the flame of a Bunsen burner and the alcohol ignited. After 
this is entirely Jjurned off the cathode is placed in a desiccator to 
cool and when cool is weighed. The increase in weight of the cathode 
is the weight of cobalt in the sample if the solution had been free 
from nickel before electrolysis. If the nickel remained in the solution 
the increase in weight of the cathode represents the cobalt and nickel 
in the sample. If >t is desired to determine the cobalt and nickel 
together the increase in weight of the cathode is divided by the weight 
of the sample and multiplied by 100 to obtain the percentage. If it 
is desired to obtain the percentage of cobalt separately, the plate is 
dissolved from the cathode in a few cc. ot* nitric acid and the nickel 
determined in the resulting solution by precipitation with dimethyl- 
glyoxime after which the cobalt is found by difference. 
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INDUSTRIAL PRODUCTS AND RAW MATERIALS 

Cobait in Metallic Cobalt and Ferro-cobalt ( 

Cobalt is usually determined in metallic cobalt and ferro-cobalt 
by electrolysis, after separation of the elements precipitated by hydro- 
gen sulphide in acid solution and elimination of iron, if present Jn 
large quantities. In case it is desired to estimate nickel separately 
it is precipitated by dimethylgly oxime as described in the chapteit 
on Nickel, before electrolysis, taking the solution down to sulphu^ 
trioxide fumes, diluting with water and adding ammonium hydroxide 
in excess and electrolyzing. In case the solution is electrolyzed before 
separating the nickel the determination of this element may be made 
in the solution of the electrolytic deposit dissolved in acid, the cobalt 
then found by difference. 

Procedure. — Dissolve 1 gram of well-mixed drillings in the least 
possible quantity of nitric acid and add 20 cc. of 1:1 sulphuric acid. 
Evaporate to fumes of sulphur trioxide and allow to fume strongly 
for ten minutes. This insures the complete elimination of nitrates, 
which would interfere subsequently with the electrolysis. Cool and 
dilute carefully with 20 cc. of water. Heat the solution to nearly 
boiling and pass in hydrogen sulphide for one hour to precipitate 
copper and arsenic. Filter and boil the solution to expel the last 
traces of hydrogen sulphide. Add 2 cc. of hydrogen peroxide to 
oxidize ferrous compounds to ferric state, and add ammonium hydrox- 
ide until slightly alkaline to litmus paper and heat to boiling. Filter 
off the ferric hydroxide and wash with water containing a small 
quantity of ammonium hydroxide. Redissolve the precipitate in a 
little 1 ; 1 sulphuric acid, adding a little hydrogen peroxide to keep 
the iron in the ferric state, and reprecipitate in the same manner as 
that described above. In presence of comparatively large amounts 
of iron the basic acetate separation of iron is necessary, as,Fe(OH)3 
occludes cobalt and nickel. The filtrates from these precipitations 
are added to the main one. • 

In determining the cobalt in metallic cobalt it, is not necessary 
to filter off the iron precipitate, if this is small, as it has been found 
by W. L. Rigg, of Deloro, Ontario, that this precipitate does not 
interfere with the accuracy of the determination. The iron content 
may be up to 5% without interfering seriously with the electrolysis. 

The solution is made ammoniacal with 50 cc.*of stroflg ammonium 
hydroxide and electrolyzed as described above. 
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Cobalt in Steel 

This determination is a modification of the nitroso-beta-naphthol 
method afready described, as worked out in the laboratory of the 
Firth Stirling Steel Company, McKeesport, Pa. The procedure as 
described by Mr. Giles, Chief Chemist, is as follows. 

Two grams of the sample are weighed into a 500 cc. Erlenmeyer 
Bask and dissolved in 50 cc. of concentrated hydrochloric acid. When 
the sample is completely decomposed 10 cc. of concentrated nitric 
acid are added to oxidize the iron, tungsten, etc. The solution is 
evaporated to H) cc. ; 50 cc. of water are added; the contents of 
the flask are then transferred to a 500 cc. volumetric flask and cooled 
to room temperature. A fresh solution of zinc oxide is added in slight 
excess, the contents of the flask diluted to the mark, well mixed, 
transferred back to the original Erlenmeyer flask and allowed to 
settle. Filter 250 cc. (equivalent to 1 gram of the sample) through 
a dry filter paper, transfer it to a 500 cc. flask, then add 6 cc. of 
concentrated hydrochloric acid. 

The solution, which should now be between 300 and 350 cc. in 
volume, is heated to boiling and 10 cc. of freshly prepared solution 
of nitroso-beta-naphthol (1 gram of salt to 10 cc. of glacial acetic acid) 
are added for each 0.025 gram of cobalt present. Continue to heat 
for two minutes, remove from hot plate, shake well, and set aside until 
the bright red precipitate settles, which will only take a few minutes. 
Filter the hot solution and wash the flask out with hot 1 : 1 hydro- 
chloric acid and then wash the flask out with hot acid of the same 
strength. Wash the paper alternately with hot (1:1) hydrochloric 
acid and hot water until it has been washed five times with the acid, 
then wash ten times with hot water. The precipitate is transferred 
to a quartz or porcelain crucible, heated gently to expel the carbo- 
naceous matter, then at a high temperature until ignition is complete. 
After cooling the crucible is weighed and the weight of the residue 
(C 08 O 4 ) i& multiplied by 0.734 to obtain the percentage of cobalt 
weighed as metal. 
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Cobalt in Ores and Enamels' 

The determination of cobalt in ores and enamels is usually made 
by a slight variation of the above methods. The silica ist separated 
in the usual manner by taking down to dryness with hydrochloric 
acid and the warmed solution is treated with hydrogen sulphide to 
precipitate sulphides insoluble in acid solution. Aluminum, chromium 
and iron are precipitated by adding ammonium hydroxide to the 
oxidized solution. In the enamel industry it has been the practice 
to follow K. W. Landrum’s method, in which the cobalt, mangane^ 
and nickel arc precipitated together as sulphides and filtered off.. 
The manganese is dissolved from this precipitate with cold hydrogen 
sulphide water acidified with one-fifth its volume of hydrochloric' 
acid (sp.gr. 1,11). The residue of cobalt sulphide is burned in a por- 
celain crucible, dissolved in aqua regia and evaporated with hydro- 
chloric acid. The platinum and copper, if they are present, are thrown 
down by passing hydrogen sulphide through the solution. The filtrate 
is made ammoniacal and the cobalt is precipitated with hydrogen 
sulphide. This is filtered off and washed with water containing a 
small quantity of ammonium sulphide. The i>recipitate is either 
ignited and weighed as oxide or reduced in hydrogen to metallic 
cobalt, taking care to cool it thoroughly in an atmosphere of hydro- 
gen before allowing it to come into contact with the atmosphere of the 
room, as finely divided cobalt is decidedly pyrophoric and oxidizes 
readily, particularly if reduced at a low temperature. 

Instead of igniting the sulphide precipitate it may be dissolved 
in hot 1 : 1 sulphuric acid solution with the aid of a little nitric acid 
and treated as described under Precipitation of Cobalt by Electrolysis.- 

* R. W. Landnim, Trans. Am. Cer. Soc., 12, 1910. 

* The greater portion of this chapter was contributed by W. L. Saveli. 
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COPPER 

Cu, at.wt. 63.67 ; sp.gr. ; m.p. 1083® (in air 1065® C.) ; b.p. 2310® ; oxides 
CU 2 O and CuO 

The estimation of copper is required in the following substances: 
In ores ^ of copyer^ in which it occurs as native copper or combined 
as sulphide, oxide, carbonate, chloride, silicate and basic sulphate; 
in furnace slags, mattes, concentrates, blister copper, bottoms. The 
determination of copper is required in the analysis of alloys contain- 
ing copper, brass, bronze, etc. It is occasionally looked for as an 
undesirable impurity in food products. It is determined in salts of 
copper, in insecticides, germicides, etc. 


OCCURRENCE 

Copper is found native in large quantities; it occurs combined 
in a large number of minerals; traces are found in animals and plants. 
Among the morfi important minerals are the following: 

Minerals. — Native Copper y Cu. A red, soft, malleable metal; 
opaque; copper red-streak; usually in sheets, or masses varying 
from small grains to hundreds of tons in weight. The metal tarnishes 
almost black. In blow pipe test the metal fuses to a globule. In 
beads O.F. green when hot, blue when cold; R.F. opaque red. Easily 
soluble in nitric acid giving green solution. Addition of metallic iron 
or zinc, etc. (see Electromotive Series) will precipitate metallic copper 
from its solution. Ammonia precipitates a blue comjwund, soluble 
in excess forming a deep blue solution. 

ChalcGcitey Copper Glance, CU2S, a brittle, opaque, grayish black, 
granular or comj)act mineral, often coated with malachite (green), 
lead gray streak; hardness 2.5-3, 

BornitCy Purple Copper Ore, Horse Flesh Ore, Cu5FevS4, a dark 
copper-red, brownish or violet blue mineral with metallic lustre; 
opaque; brittle; grayish-black streak; hardness 3. 

Chalcopyritey Copper Pyrites, Yellow Copper Ore, CuFeS2, a bright 
brass-yellow jnineral with metallic lustre; opaque; brittle; greenish- 
black streak; usually massive but sometimes in crystals; hardness 
3.5-4. 


1 Other Minerals of copper: Covellite, CuS; Tennantite, 4CU2S.AS2S3; En- 
argite, 3CU2SA82S3; Stannite, Cu*S.FeS SnSz; Atacamite, CuCl2.3Cu(OH)2; 
Chr3Wcolla, CuSiOs 2HjO; Turquois, CuO 3AhOi 2P2OA QHsO; Brochantite, 
CuS04.3Cu(0H)2; Linarite, (Pb, Cu) SO4. (Pb, Cu) (OH)^; Cbalcantbite, 
CU8O4 ■ 5H2O. 
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Tetrahedrile, Gray Copper Ore, CiuSbjS?, a fine graineck, brittle, 
opaque, steel to dark gray or black mineral with metallic lustre; 
reddish-brown to black streak; hardness 3’4.5. ’ 

Cuprite^ Red Oxide of Copper, Ruby Copper Ore, Cu-iQ, crimson, 
scarlet, vermillioii or brownish-red, transparent to opaque, brittle 
mineral with adamantine to dull lustre; fine grained masses, trans- 
parent, isometric crystals, octahedrons or cubes; brownish red streak; 
hardness 3.5-4. 

Malachite, Green Carbonate of Copper, CuCO.-t.Cu (OH) 2 , bright 
green masses, silky fibrous structure, sometimes stalactitic, or in dull- 
green earthy masses; translucent to opaque; brittle; pale-green 
streak; hardness 3.5-4. ' 

Azurite, Blue Carbonate of Copper, 2CuCO.t.Cu(OlI)2, a dark 
blue, brittle, translucent to opaque mineral with vutreous lustre; fre- 
quently occurs iucrustiiig other copper minerals; blue streak; hard- 
ness 3.5-4. 


DETECTION 

Copper is precipitated in an acid solution by H 2 S gas, along with 
the other members of the hydrogen sulphide group. The insolubility 
of its sulphide in sodium sulphide is a means of separating copper 
from arsenic, antimony, and tin. The sulphide dissolves in nitric acid 
(separation from mercury) along with lead, bismutli, and cadmium. 
Lead is precipitated as PbS 04 by sulphuric acid and bismuth as the 
hydroxide, Bi (011)3, upon adding ammonium hydroxide. Copper passes 
into the filtrate, coloring this solution blue, 

Cu(0H)2 2NH40H.(NH4)2S04. 

Flame Test. — Substances containing copper (sulphides oxidized 
by roasting), when moistened with hydrochloric acid and heated on 
a platinum wire in the flame, give a blue color in the reducing flame 
and a green tinge to the oxidizing flame. 

Wet Tests. — Nitric acid dissolves the metal or the oxides (sulphides 
should be roasted), forming a green or bluish-green solution. Am- 
monium hydroxide added to this solution will precipitate a pale blue 
compound, which dissolves in excess with the formation of a blue 
solution. (Nickel also gives a blue color.) 

Hydrogen sulpMde passed into a copper solution which is free 
of SOa or an oxidizing agent, but somewhat* acid With a mineral 
acid, precipitates at once brownish black CuS or CuaS (distinction 
from nickel, cobalt and zinc), which is difficultly soluble in strong, 
hot HCl (distinction from antimony), insoluble in fixed alkaline poly^ 
sulphides (distinction from gold and platinum), soluble in alkaline 
cyanides (distinction from lead, bismuth, cadmium, mercury and 
silver), ,soluble in nitric acid* (distinction from sulphide of mercury), 
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with production of a bluish solution (distinction from all other metals 
except silver). * 

Potassium ferrocyanide precipitates from an acid or neutral solu- 
tion of a cupric salt reddish-brown cupric ferrocyanide, which can 
be confused only with similarly colored precipitates from molybdenum 
or uranium solution. 

« Cupric salts in halogen acid solution arc reduced to colorless 
cuprous compounds by metallic copper, stannous chloride and sul- 
phurous acid; and in alkaline solution are reduced by grape sugar, 
arsenious or sulphurous acids. 

Metallic iron or zinc added to an acid solution containing copper 
precipitates the red metal; if this precipitate is dissolved in nitric 
acid, brownish red fumes are evolved (nitrous oxides). To the nitric 
acid solution an exceu of ammonium hydroxide is added, the greenish 
solution will change to a deep bhw if copper is present, 

SUGGESTIONS FOR THE STUDENT 

Read the preliminary statements as to methods of solution and 
separations. For the gravimetric determimition of copy)er use t,he 
rapid electrolytic method described on page 24.5; for a volumetric 
determination of copper follow the directions under the Potassium 
Iodide method on page 253. 
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METHODS FOR DETERMINATION Ot COPPER 

I 

Preparation and Solution of the Sample 

Nitric acid is the most active solvent. Hydrochloric and sulphurjc 
acids are effective in dissolving metallic copper only in presence of 
an oxidizing agent. The oxides of copper may be dissolved in hydro;* 
chloric or sulphuric acid, but nitric acid is commonly used. Som^ 
refractory furnace products are most easily decorni)osed by treatment 
with hydrofluoric and fuming sulphuric acid followed by a bisulphate 
fusion. 

Ores. — If the ore consists practically of a single mineral, the fine- 
ness of the sample need not exceed 80 mesh. If the ore is a mixture 
of minerals, lean and rich in copper, the laboratory sample should 
pass a 120-mesh sieve. 

Metallic jjarticles or masses are separated at some stage in the 
process of sampling and made into a separate sample. If the metallic 
portion is a small percentage, of the total sample and consists of 
particles, the copper value of which is known to vary by a few per 
cent, no attempt is made to refine the sample of such, but a large 
portion, 10-100 grams, is taken for analysis and the copper determined 
in an aliquot part of the solution. 

Sulphide and oxidized Ores and Matte. — One to five grams of 
the sample are dissolved by adding 10-20 cc. of dilute nitric acid (1.2 
sp.gr.), or 10 cc. of strong nitric acid saturated with potassium chlorate, 
and allowing the mixture to stand in a warm place for about 15 
minutes before applying heat. Decomposition is completed by evap- 
orating to small volume in a casserole and continuing to dryness 
after addition of 10 cc.of hydrochloric acid, or by adding 5-10 cc. of 50% 
sulphuric acid, to the assay in a flask or tall beaker and heating to 
fumes. The residue is taken up by warming with 20 cc. of -10% H2BO4, 
diluting, boiling and filtering the residue of silica, lead sulpliate and 
silver chloride from the copper solution. Copper passes into solution. 

Metals. — A casting of a copper alloy and even o\ refined copper 
is not homogeneous, and the zones of segregation of the constituents 
of the alloy (usually roughly parallel to the cooling surfaces) are the 
more sharply defined as the conditions which favor diffusion of the 
eutectic prevail, therefore, unless the casting be quite thin and quickly 
cooled, a satisfactorily representative sample of it cannot^be obtained 
from a single drill hole. A single casting may be sampled by com- 
plete cross-sectional cuts by a suitable saw or by a series of drill 
holes located in such a manner as to amount substantially to one or 
more cross-sectional cuts. ( Steel is usually present as a contaminant 
of the drill or saw shavings from refined copper and the tougher alloys 
and should be removed by a m«gnet. The metal may now be brought 
into solution by treatment with nitric acid. 
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METHODS OF ISOLATING COPPER 

I 

Separation of Copper as Cuprous Thiocyanate. — Isolation of copper 
from solutions containing iron, nickel, cobalt, zinc, cadmium, arsenic, 
antimony and tin may be accomplished by this method. When much 
arsenic is present, precipitation should be from a solution in wtiich 
hydrochloric is the only free strong acid. Unless previously removed 
from the solution, lead, mercury, tellurium and the precious metals 
will contaminate the precipitate. Selenium may be a contaminant 
when present in considerable quantity, sometimes when the only 
free acid is sulphuric, always when hydrochloric acid is present. 

Cuprous thiocyanate, besides being the medium of separation of 
copper from interfering elements preliminary to its determination by 
the standard electrolytic, iodide or cyanide methods, is the basis of a 
number of other more or less useful gravimetric and volumetric 
methods of determining copper. The details of the procedure of 
procuring the precipitate vary to some extent with its object. Low 
grade copper ores may be conveniently determined by this method.^ 

Procedure. — To the cold, concentrated and very slightly acid 
copper solution (which must be free of any oxidizing agent) sulphur 
dioxide, gaseous^ or in solution, or a solution of an alkaline bisulphite 
or raetabisulphitc is added somewhat in excess of the quantity theo- 
retically required to reduce all the copper and ferric iron present. 

The liquid is cooled if hot, and then, with constant stirring, a 
solution of alkali thiocyanate of about normal strength is added until 
precipitation ceases. Reaction: 2(;)uS()4 -f 2KCNS + H2SO3 + H2O 
= 2CuCNS + 2H2SO4 + K2SO4. It is common practice to continue 
introduction of SO2 throughout precipitation. The precipitate is 
allowed to stand until it is white and the liquid above it is clear. 
The presence of FeS04 accelerates conversion of cupric to cuprous 
thiocyanate ‘when sulphuric is the only free acid. The precipitate 
is filtered off with the aid of reduced pressure through doubled 
filter papers o^ tight texture and washed with cold water until a 
washing is obtajined which gives but very slight indication of thio- 
cyanate when tested with a ferric salt. 

The precipitate is inclined to float and creep with the capillary 
film of fluid, so precautions must be taken in its manipulation to 
avoid loss of copper on account of this characteristic. 

The coltocted precipitate may now be treated in several ways 
which will produce a solution fit for the determination of copper by 
one of the standard methods, (a) The filter and precipitate are trans- 
ferred to a porcelain or silica crucible which is very much larger 
than the volume of the wet precipitate, dried slowly in an oven or 

^ With high grade ores or copper bullion a trace of copper (usually less than 
0.0005 g. Cu) will pass into the filtrate when the copper precipitated amounts 
to 0.5 grams Cu. The loss with low grade copper ores is neghgible. 
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muffle and finally incinerated. Some operators made the final wash- 
ing with 20% alcohol to facilitate drying or with a weak solution 
of an alkali nitrate to aid incineration. The residue is di|solved in 
the crucible with hot, strong nitric acid, (b) The point of the filter 
is punctured and the precipitate washed with as little water as possible 
into a flask or tall beaker. The filter is finally cleansed of adherent 
precipitate by washing with dilute nitric acid. The filter is dried, t 
incinerated and dissolved separately or added to the main precipit$,te 
before its decomposition. 15 cc. strong nitric acid is added for ea^i 
gram or fraction of a gram of copper present and the covered beaker 
or funnel-closed flask, allowed to stand in a warm place until the 
precipitate is dissolved, then boil until solution is free of the nitrogen 
gases. It is the practice of some to add now 10-15 cc. of sulphuric acid 
and evaporate to fumes. Because evolution of gas during dissolution 
of the precipitate is profuse, care must be taken to expel the gas 
slowly to prevent boiling over. 

Separation of Copper by Precipitation in Metallic Form by a More 
Positive Element. — Metallic aluminum or zinc is more commonly used 
in this procedure. A strij) of pure aluminum or zinc, placed in the 
neutral or slightly acid solution, causes the complete dejiosition of 
copper. To obtain quick precipitation, a sheet of aluminum, 2.5 by 
14 cm., is bent to raise the metal from the bottom of the beaker, 
placed in a covered 150 cc. beaker containing the copper solution, 
which should be not much over 75 cc. in volume and should hold 
about 10% of free H 2 SO 4 . Boil 7-10 minutes. The copper is removed 
mechanically from the displacing metal and dissolved in nitric acid 
and then estimated. 

A method of precipitation by means of powdered aluminum is 
recommended especially for separation of copper from large amounts 
of iron, iron ores and iron ore briquettes. The solution of the bi- 
sulphate fusion of the iron ore is heated until bubbles- appear over 
the bottom of the containing beaker. Aluminum powder is noV added 
in small portions at a time, in sufficient quantity to reduce the iron, 
the solution becoming colorless. The solution is now heated until 
the aluminum completely dissolves. Metallic coppel* is precipitated. 
It is advisable to add 25 cc. of water saturated with H 2 S gas to pre- 
cipitate traces of copper in solution. The solution is filtered while 
hot through a close thick filter, and washed six times, keeping the 
residue covered with water to prevent oxidation^ by air.* The copper 
is now dissolved in hot dilute nitric acid, evaporated to small volume 
and determined by the procedure preferred. The potassium iodide 
method gives excellent results. 

Occasionally the alumiicum lies inert in the solution. If this occurs 
two or three drops of hydrochloric acid (do not use much) will start 
a vigorous action and cause a» rapid precipitation of metallic copper. 
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DEPOSITION OF METALLIC COPPER BY ELECTROLYSIS i 

The eJectrolytic method of determining copper is the most accurate 
of the gravimetric methods. This deposition may conveniently be 
made from acid solutions containing free nitric or sulphuric acid or 
from an ammoniacal solution. 

Rapid Methods 

Rapid Deposition of Copper — Solenoid Method of Heath. — The 
solenoid is made by winding 500 turns of No. 13 B and S gauge magnet 



Fig. 68 

wire upon a copper cylinder 2J in. in diameter, 3i in. high, in. 
thickness of metal. The cylinder is brazed water tight at the bottom 
to a 5J in. disc o*f ^ in. soft steel. In this disc is a 1-in. hole for the 
insertion of a rubber plug, through which glass tubes may be inserted 
for inlet and outlet of air or water to cool the electrolytic beaker. 
A steel disc of the same size as the bottom and with an opening to 
fit is brazed Ho the top of the cylinder. The solenoid thus made is 
suitable for a 300 cc. lipless beaker in. high and 2i in. diameter. 
The solenoid coil may be in series in the electrolytic line or excitdd 
separately. 

The negative electrode is of gauze, 40 mashes per linear inch, with 
a depositing surface of 100 cm. and is slit to permit quick removal 
from the electrolyte. * 

1 (See method for copiier in alloys, page 255). 
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Procedtire. — Five grams of the thoroughly cleaned copper sample 
are dissolved in the covered electrolytic beaker oh a steam plate with 
40 cc. of stock acid solution composed of 7 parts (1.42 sp.gil) of nitric 
acid, 10 parts of sulphuric acid (1.84 sp.gr.) and 25 parts by volume of 
water. The temperature during the solution is kept just below the 
boiling point, 50 cc. of the stock solution is used for copper containing 
0.03 to 0.1 per cent of arsenic, 60 cc. for material containing 0.11 to' 
0.5 per cent arsenic. The electrolyte is diluted to 120 cc. A current 
of 4.5 amperes is used for the electrolysis and the same amount eiii- 
ployed to excite the solenoid. During the deposition a double pair 
of watch glasses cover tightly the beaker until the color of the electro- 
lyte fades out, when they are rinsed and removed. Twenty minutes 
later and thereafter at 5 minute intervals, a test for completion of 
deposition is made by withdrawal of 1 cc. onto a porcelain tile and 
treating with a few drops of freshly i)repared hydrogen sulphide water. 
This test will detect the presence of 0.000005 g. copper or more re- 
maining in the solution, Fhe determinatjon is complete in two and 
a half hours. Extremely accurate results arc obtained when the elec- 
trolyte is kept very cold by circulation of water about it and when 
the cathode is withdrawn within 5 minutes after completion of 
deposition. 

In the assay of casting copper, in case the deposit is evidently 
impure, the cathode may be stripped by treatment with 50 cc. of 
the stock solvent and then re plated under the conditions described. 

Notes. The advantage of the solenoid over any mechanical device for the 
rotation of electrodes is due to the prevention of loss by spraying from the 
anode, as the beaker can be covered with a double pair of watch glasses. 

Results range from 0 003 to 0.01 per cent higher than the author’s slow 
method of assay of refined copper, and ls due to platinum from the anode, which 
is corroded by the influence of heat, nascent nitrous acid and high current. 

Deposition from Nitric Acid Solution. — The solution should not 
contain over 2-3 cc. of free concentrated nitric acid. Tf ipore than 
this is present, the solution is evaporated to expel most of the acid, 
the remainder neutralized with ammonia and the d-equisite amount 
of nitric acid added. The solution is diluted to IQO cc., warmed to 

50® or 60° C. and electrolyzed wdth a current of 1 ampere and 2-2.5 

volts. Two hours are suflicient to deposit 0.3 gram copper. Since 
the hot acid acts vigorously on copper, it is necessary to wash out 

the acid from the beaker before breaking the current. 

Deposition from an Ammoniacal Solution. — Ammonitim hydroxide 
is added to the solution containing copper until the precipitate, first 
formed, dissolves. Twenty to twenty-five cc. of ammonium hydroxide 
(sp.gr. 0.96) are required for 0.5 gram copper or 30-35 cc. for 1 gram. 
Three to four grams of aftimonium nitrate arc added and the solution 
electrolyzed with a current of ND/100 = 2 amperes. The electrodes 
are washed, without breakinfe the current, until the ammonia and 
nit^te are removed. 
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Lead, bismuth, mercury, cadmium, zinc and nickel should be 
absent from the aUiraoniacal solution. Arsenic is not deposited. 
Unless a \firy pure platinum anode is used, platinum may contaminate 
the deposit appreciably. Jena or other brand of zinc borate resistance 
glass should not be u.sed for the electrolytic beaker. 

Rapid Method Using Rotating Electrodes. — By this method a 
•gram of copper may be deposited in an hour, a higher amperage 
being used than with stationary electrodes. Either tlie cathode or 
anode may be rotated to keep the solution agitated. 

The volume of 200 cc. should contain approximately 10% of nitric 
acid and 1 cc. of sulphuric acid. The solution is electrolyzed by start- 
ing with a current of 2 amperes and gradually working up to 3 am- 
peres as the blue color disappears from the solution. At the end of 
an hour the rotation is stopped but the current is left on. The beaker 
in wliich the electrolysis was conducted is quickly lowered from the 
electrodes and immediately replaced by a beaker of pure water. The 
current is now shut off and the electrodes removed and immersed 
in methyl alcohol. The electrodes are passed rapidly over a flame 
to ignite the alcohol and this burned off keeping the electrodes in 
motion to avoid overheating. After cooling in a desiccator the elec- 
trodes are weighed. Copi)cr will deposit on the cathode. If lead is 
present in the solution it will be deposited on the anode as PbOa. 
The solution should be tested for copper (and lead) by further elec- 
trolysis with fresh electrodes. Any additional deposit being weighed 
and added to previous weights obtained. 
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SLOW METHODS ^ 

Electrolytic Determination of Copper in Blister Copper 

The sample should be about 20 mesh. Because fine particles are 
comparatively poor in copper, extreme care must be taken in 
drawing the portion for analysis to preserve the ratio of the coartee 
to fine. Some analysts, to avoid sampling error, sieve the coarse 
from the 40 or 60 mesh fine and either make a separate analysis 
of each weighed product, or weigh into a single test the due propor- 
tion of each. Others draw a large portion, by means of a riffle 




Fig, 69 and 69a. — Riffle Sampler. , 


(Fig. 69) or similar sampling device and from its solution in a volu- 
metric flask, pipette an aliquot part equivalent to one or more grams. 

By the small portion method insoluble matter must be removed 
by filtration. When the sample contains an insignificant quantity of 
insoluble matter, the practice is to deposit the silver wHh the copper 
and make a correction for its presence in accordance with the result 
of the silver assay of the sample. 

By the, large portion method, insoluble matter and silver, as silver 
chloride, is removed from the electrolyte by sedimentation in the 
volumetric fiask. 

Procedure. — Small Portioa Method. — The coarse and fine portions 
arc quartered down to convenient amounts and from these a 5 gram 
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composkie weighed, which contains the coarse and fine portions in 
ratio of their percentage weights. The sample is placed in a 350 cc. 
tail-form beaker, without lip and with flaring rim. Fifty cc. of 
chlorinc-lree, stock acid solution (15 parts of nitric and 5 parts of sul- 
phuric acids) are added, the beaker covered with a funnel (stem up), 
which just fits in the rim, and the mixture heated gently at first and 
finally to boiling. When the sample has dissolved, 5 ce. of saturated 
solution of ammonium nitrate are added and the sample diluted to 
200 cc. with water. 

When the electrolyte has cooled to room temperature the elec- 
trodes are introduced, the beaker covered with split watch glasses 



Fig. 70. — Constant Temperature Bath and Dividing Pipette. 

and electrolysis started with a current of .05 ampere and continued 
until the appearance of the foil indicates that the silver has deposited. 
The current is then raised to ND/100 * .75 ampere and this continued 
for twenty twenty-two hours, or until the appearance of gas about 
the negative electrode indicates that deposition of the copper is prac- 
tically complete. For the unexperienced a simple method is to add 
a little water to the electrolyte without breaking the current and 
after 15 minutes to observe whether any deposition of copper takes 
place on the freshly exposed surface. The watch glasses and electrode 
stems should be rinsed when the electrolysis has continued 15-16 hours. 
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Procedure. — Large Portion Method.^ — The sample is quartered by 
a riffle sampler (sec Fig. 69) to an amount very close to 80 grams. 
This quantity is weighed and transferred by a paper chute into a 
2000 cc, flask, which has been calibrated by the method (k repeated 
delivery at constant temperature of a 50 cc. overflow dividing pipette 
(see Fig, 70). The liquid employed in calibrating is a copper solution 
of the same composition as that for which the flask is to be us^jd. 
A cold mixture of SO cc. of sulphuric acid (sp. gr. 1.82) and 200 cc.\of 
nitric acid (1.42) with 500 cc. of water is added. A standard solution 
of sodium chloride is added in sufficient quantity to precipitate the 
silver, care being taken to add less than 20% excess. A bulbed coU- 
denser tube is placed in the neck before putting the flask on a ho^ 
plate. 

The solution is gradually heated to boiling and when the solution 
is nearly complete, boiled gently for one hour. This generally com- 
pletely dissolves the coi)per present. Residues of lead, tin, silver, or 
silica if present in appreciable amounts arc separated at this point 
by filtration. 

When the solution in the flask has cooled for half an hour, water 
is added to a little above the 2000-cc. mark, giving the flask a rotary 
motion during the addition to mix the solution. The flask is placed 
in a large tank, Fig. 70, containing water and allowed to remain 
until it becomes of the same temperature as the wat^r and very close 
to that of the room. The solution is then made exactly to the mark 
and allowed to settle, after thorough mixing, by placing the flask 
again in the water tank. 

Electrolysis. — Portions equivalent to 2 grams of sample are 
measured out by means of a dividing pipette, with water-jacket 
through which the tank-water flows. The solution is run into 
glasses, hydrometer-jar in shape, with concave bot- 
toms, height of glass, 6^ in., diameter 2J in.. Fig. 71. 
Each portion is treated with 5 cc. of a saturated 
solution of ammonium nitrate and diluted to.. 125 cc. 
with water. (NH 4 NO 8 or (NH 4 ) 2 S 04 delays deposi- 
tion of As and Sb until electrolyte is. freed from Cu.) 
The electrolyte, at this stage, contains^ about 3.7 cc. of 
nitric acid. 

The copper is deposited by electrolysis, using a 
current of ,33 ampere per 100 sq.cm., which is kept 
constant until deposition is complete, about twenty 
hours. It is advisable to begin the electrt)lysis in the 
evening, 5 p.m. The following morning, the inside of 
the jar, the rods of the electrodes, and the split watch- 
glasses which cover the jar are rinsed with a spray of water into the glass 
and the run continued for tivo or three hours. Each electrode is quickly 

* W. C. Ferguson, Jour.«Ind. and Eng. Chem., May, 1910. 
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detachecj from the binding i)osts, the cathode plunged into cold water, 
then successively into tliree jars of 95% alcohol, shaken free of 
adherent drops and dried by revolving rapidly over a Bunsen flame 
for a fev| seconds after ignition of the film of alcohol. 

The weighing of foil jjIus the deposit is made with as little delay 
as possible. 

Determination of the Copper Remaining in the Electrolytes. — Since 
the exhausted electrolyte seldom contains over 0.01% copper, this 
residual copper can be closely estimated by observation of the depth 
of the sulphide precipitate. Should circumstances be such that the 
quantity be more than can be estimated by the appearance of the 
sulphide precipitate and a determination without rerun is necessary, 
the precipitate is filtered, incinerated, dissolved with a little hot HNOa, 
made ammoniacal and after settling, filtered through asbestos. The 
color of the solution is compared with a standard solution treated 
with the same amount of reagents as the sample, care being taken 
that similar conditions prevail when making comparison. 


Notes and Precautions 

Character of the Deposits. — The ideal deposit is of a salmon-pink color, 
silky in texture and luster, smooth and tightly adherent. A slightly spongy and 
coarsely crystalline deposit, although good in color and perfectly adherent, 
will invariahly give high results. A loosely adherent deposit caused by either 
too rapid a ucposition at the cornmerieement or too low a eurrent denaitv at 
some period of the electrolysis, usually shows a red tint and may give a high 
result on acicount of oxidation or a low result because of detachment of particles. 
A darkly shaded deposit indicates the presence of impurity in greater or less 
extent. If it is impossible to complete the electrolysis without this appearance 
the electrolyte should be purified. Impurities such as arsenic, antimony, bis- 
muth, selenium and tellurium may occur in the blister copper. 

A dark colored, but perfectly adherent deposit is dissolved very slowly from 
the foil, in a covered electrolytic jar, by gently heating for several hours 
with about 60-70 cc. of a solution containing 2 cc. of sulphuric and 5 cc, ol 
nitric acids. When the solution is comjilete the temperature is raised to expel 
dissolved gaseS. Five cc. of saturated ammonium nitrate solution is added and 
the electrolyte diluted to 125 cc. When cooled to room temperature, electrolysis 
is carried out under the same conditions as that of the first deposit and on the 
same foil, if arseilic or antimony is the interfering impurity; on a fresh foil if 
selenium or tellurijim has been the contaminating element. The undeposited 
copper is determined colorimetrically in the mixture of the first and final elec- 
trolytes and added to the weight of the copper deposited. 

If the sample contains a large percentage of arsenic or antimony, a portion 
representing 2 grams is drawn from a pipette into a Kjeldahl flask, 10 cc. of 
sulphuric acid added, and the liquid evaporated to fumes to expel nitric acid. 
From this solution cuprous-thiocyanate is precipitated according to the method 
described on page 243. The funnel containing the filter is placed in a 500 cc. 
flask with long neck, the filter is punctured and the precipitate washed into 
the flask with the least q^ntity of water possible, the adherent precipitate is 
dissolved from the filter with warm dilute nitric acidj added cautiously to avoid 
violent evolution of gases from the dissolving precipitate in the flask. The 
washed filter is incinerated and the solution of its ash by nitric acid added to 
the electrolyte after completion of electrolysis. When solution of the precipi- 
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tate is compljijte, the liquid is boiled to Hinall volume, neutralized, an(J 5 cc. of 
ammonium nitrate solution and 3 (te. of (jxcess free nitric acid added. The 
liquid is transferred to an electrolytic jar and electrolysis carried out in the 
manner already described. . 

The amounts of bismuth, arsenic, antimony, selenium or telluriiin usually 
found in blister copper may be separated together with iron present by addition 
of ammonia to a pipetted portion. The filtered precipitate is purified of copper 
by solution with nitric acid and reprecipitation. The combined filtrates are 
neutralized, 3i cc. of free nitric acid added and the solution electrolyzed undsr 
the conditions already described. The nitric acid solution of the incinerated 
filter, carrying the iron, etc., is added to the electrolyte, after electrolysis is coinV 
plete, for determination as undeposited copper. The undeposited copper i^ 
determined colorimetrically. \ 

Tile deposited copper is never absolutely pure. The total impurities seldom ' 
exceed 0,03%. Ag from 0.000 to 0.18%; As from 0.000 to 0.{X)3%; Sb from . 
0,000 to 0.004%; Sc and Te from 0.001 to 0.027%; Bi from 0.000 to 0,003%. ' 
Periodical complete analyses may be made and (iorrections applied to the analy- 
sis when exceedingly accurate percentages are required. 

Too low a current density or excessive oxidizing power of the electrolyte 
may produce high results, due to the oxidation of the deposited copper. Too 
high a current density or a deficiency of oxidizing power in the electrolyte, by 
causing a deposition of impurities j will give high results 

The electrodes used by the Nichols Copper Co. are straight platinum wires 
for the positive ends and cylinders IJ in. long, 1 in. in diameter of 0.004 in. 
irido-platinum foil, 11 i sq. in. depositing surface, for the cathodes. 

A uniform current is essential. 

The nitric acid used should be free of iodic acid. 

The presence of oxide of nitrogen gases, or a chloride in an acid solution, 
will cause a coarsely crystalline or brittle deposit, under conditions which in 
their absence would produce a good plating. The deposit moreover may con- 
tain platinum from the anode if the electrolyte contains a chloride salt. 

Silver may be deposited with the copper and correction made for its presence 
from the result of a separate assay. Copper deposits in poor form, unless the 
silver be first plated out at a very low current density, about 0.03 Amp. NDioo. 

Solid matter, unless removed, will contaminate the deposit mechanically. 

Arsenic, antimony, selenium or tellurium have an influence on the physical 
character of the deposit which may affect the copper result beyond the sum of 
such impurities deposited. 

Whether impurities are deposited or not, appreciably high results are ob- 
tained by continuing electrolysis for some time after the electrolyte has become 
impoverished of copper. 

Overheating of the copper deposit, in the process of ignition of the alcohol 
clinmng to the cathode, will cause oxidation of the copper. As much as possible 
of the alcohol must be shaken off before passing the electrode rapidly through 
the flame. It is advisable to weigh the copper shortly after deposition, as pro- 
lonpd contact with air is undesirable, if extreme accuracy is' desired. 

The copper deposits may be removed by plunging the elecdrode, for a few 
moments, m hot nitric acid." After washing with water, the foil is ignited to a 
cherry red in a direct colorless flame. The ignition removes any grease which 
would be objectionable, that may contaminate the platinum. Alcohol fre- 
quently contains oily matter which will oling to the electrode in spite of the 
rapid ignition for drying the deposit. 
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VOLUMETRIC METHODS FOR THE DETERMINATION 
I OF COPPER 

POTASSIUM IODIDE METHOD 

The procedure depends upon the fact that cupric salts when treated 
with potassium iodide liberate iodine, the cuprous iodide formed 
being insoluble in dilute acetic acid. 

Reactions* 2CuS04 -b 4KI = Cuala H" 2K2SO4 -f* l2< 

or 2 Cu(C 2H302)2 + 4KI = Cu^Ij i + 4KC2H3O2 + U 

The liberated iodine is titrated with standard thiosulphate. 

2Na2S203 "b I2 “ Na2S406 4“ 2NaI. 

This method is exceedingly accurate. Very few metals interfere. 
Bismuth, selenium, trivalcnt arsenic, antimony or iron should not 
be present, l.ead, mercury, and silver increase the consumption of 
iodide, but otherwise interfere only because of the color of their 
iodides. 

Standardization of Sodium Thiosulphate. — Make up the reagent 
according to on(? of the following strengths, as desired. 

N/10 solution contains 24.82 grams Na2S20s.5H20 per liter. Ac- 
cording to the reaction above 1 cc. of this will be equivalent to 
0.006357 g. Cu. 

If a solution is desired so that 1 cc. = 0.001 g. Cu, dissolve 3.02 
grams of the Na2S203.5H20 crystals per liter (248.2 + 63.57). If a 0.5 
gram sample is to be taken it is convenient to have the reagent 
of such strength that 1 cc. is equivalent to 0.005 g. Cu so that 1 cc. 
is equivalent to 1 % Cu. 3.92 X 5 === 19.6 grams of thiosulphate crystals 
are required. . The addition of 2-4 grams NaOH per liter is claimed 
to preserve the solutions. 

Standardization. — Copper Method. — If either a N/10 reagent 
or the one containing 19.6 grams of the salt are being standardized 
weigh 0.2-0.25 gram of pure copper (electrolytic), (not over 0,1 gram 
should be taken for the weakest solution). Dissolve the copper in 
about 5 cc. of nitric acid (in a flask or a covered beaker), boil to 
expel brown fumes, dilute to about 50 cc., add ammonia in slight 
excess (10-12.ee. is generally sufficient), boil until the odor of ammonia 
is faint and add 5 cc. glacial acetic acid, or sufficient to make the 
solution acid (test with litmus) and again boil for about one minute. 
Cool and add to tlie cold solution 6 cc. of a 50% potassium iodide 
solution or about 3-4 grams of the solid, and titrate with the standard 
thiosulphate reagent. The iodine that is liberated (see reaction above) 
colors the solution brownish; on addition of the thiosulphate the 
color fades; when the color has changed to yellow, add starch solution 
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and complete the titration adding the thiosulphate until* the blue 
color (lilac at end) fades out with an added drop of the reagent. ^ 

Divide the weight of copper taken by the cc. of reagent required 
and the result is the weight of copper represented by one cc. 
of the reagent. An exactly N/10 solution is equivalent to 
0.006357 g. Cu. 

Standardization with Permanganate. — The reagent may be stand- 
ardized against N/10 potassium permanganate or a permanganate 
solution whose iron equivalent is known. To about 40 cc. of the 
N/10 permanganate solution add G cc. of the potassium iodide (50%) 
reagent and titrate the liberated iodine in presence of acetic acid 
exactly as is described above. I cc. of N/10 permanganate should 
equal 1 cc. of the N/10 thiosulphate. Establish its normality by 
converting the permanganate to exact (^c. in normality equivalent 
and dividing the cc. by the cc. of thiosulphate required. If preferred 


multiply the iron equivalent by 


63 57 
55.84 


= 1.139 to get the copper 


equivalent. 


PROCEDURE FOR COPPER IN ORES 

Solution of the Sample. — Weigh 0.5 gram of ihc powdered ore 
(if a N/10 thiosulphate reagent is to be used, the factor weight 
0.636 gram of ore is convenient so that 1 cc. of the reagent 
is equivalent to 1% Cu). Dissolve in 10 cc. hydrochloric acid and 
5 cc. nitric, heating gently to effect solution, adding more of the acids 
if necessary. Add 10 cc, of sulphuric acid and evaporate to fumes. 
Heat until any free sulphur that precipitates disappears. Allow to 
cool. Dilute with 30-40 cc. of water, heat to boiling and keep hot 
until ferric sulphate has dissolved (copper will all be in solution). 
Filter into a small beaker and wash the residue at least six times with 
hot water, using small portions at a time. The volume of tjie filtrate 
need not exceed 75-100 cc. This contains all of the copper. 

Precipitation of Metallic Copper. — Place in tli^ beaker contain- 
ing the copper solution a piece of heavy sheet alupiinum (1.5 inches 
square) or a bent strip of ahuninum bent in form of a triangle, or add 
1-2 grams of pure granulated aluminum. If a sheet is used, bend 
the corners at right angles so it will not lie flat in the beaker. 
(The sheet may be used repeatedly as it is not attacked to 
any great extent by the nitric acid subsequently useU). Heat the 
solution to boiling (beaker covered) and keep at this temperature 
for about 10 minutes. Practically all of the copper will precipitate 
except a mere trace. If the action is sluggish add 2 or 3 drops of 
hydrochloric acid. Wash down the cover and sides of the beaker 

1 The addition of a few drops of a weak AgNOj solution makes the end 
point sharp. (Suggestion of A. H. Low.) 
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with hydiogen sulphide water. (This precipitates the trace of copper 
in the solution and prevents oxidation of the copper). 

Isolaticm of Copper. — Decant the solution through a filter and 
rinse the metallic copper into the filter with a jet of the hydrogen 
sulphide water, leaving the aluminum as clean as possible in the beaker. 
Save this. Wash the precipitate 6 times with hydrogen sulphide 
wash water, allowing to drain, but following up immediately with 
more solution, until the washing is complete. (Cop])er is apt to 
oxidize if allowed to stand exposed to the air. Hence the washing 
should be completed as soon as possible.) 

Solution of the Copper. — Punch a hole in the filter and wash 
the copper into a beaker with a jet of water using as little as possible. 
(If much copper is present, open the filter on a watch glass and wash 
the precipitate into a beaker. Again fold the filter and jdace in the 
funnel over the beaker.) Pour 5 cc. of strong nitric acid over the 
aluminum which still contains a little of the copper. When all of 
this has dissolved pour the nitric acid solution over the filter, catching 
the acid in the beaker containing the bulk of the copper. (Removing 
the beaker, place the one containing the foil under the filter.) Cover 
the beaker containing the copper and boil until tlie metal is in solution 
and again place under the filter funnel. Wad the filter paper loosely 
in the funnel. Pour over this filter 5-10 cc, of bromine water, catch- 
ing the solution Ml the beaker coni aining tlie copper; this should im- 
part a yellow color to the copper solution. Wash the filter G times 
with water, pouring the water first into the beaker with the aluminum 
and from this over the wadded filter. 

Concentration. — Roil the combined solution down to about 25 cc. 
The bromine will be expelled. Add a small excess of ammonia; the 
free acid is neutralized and the solution smells of ammonia. Again 
boil to expel the excess of ammonia. The solution should still 
smell faintly of NH 3 . Add glacial acetic acid until slightly acid 
(litmus test); 5 cc. should be sufficient. Cool thoroughly. 

Potassium Iodide Treatment and Titration with Thiosulphate. — 
To the cold solution add 5-6 cc. of 50% solution of potassium iodide 
and titrate the liberated iodine with standard thiosulphate until the 
brown color changes to yellow, add starch and complete the titration. 

Icc. N /10 MiSzOz = 0.00630 g. Cu. 
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PERROCYANIDE METHOD FOR SMALL AMOUNTS OF COPPER 

By this colorimetric method it is possible to detect o(e part of 
copper in 2,500,000 parts of water. The procedure depends upon 
the purplish to chocolate-brown color produced by potassium ferro- 
cyanide and copper in dilute solutions. The procedure is applicablie 
to the determination of copper in water and may be used in presenct 
of a number of elements that occur in slags. Iron also produces ^ 
colored compound with ferrocyanide (1 part Fe detected in 13 milliohl 
parts HaO), so this element must be removed from the solution before' 
testing for copper. 

Solutions. — Standard Copper Solution. 0.393 gram CUSO 4 . 5 H 2 O 
per liter, 1 cc. - 0.0001 gram Cu. 

Ammonium Nitrate. — 100 grams of the salt per liter. 

Potassium Ferrocyanide. — Four grams of the salt per 100 cc. 

Procedure. — A volume of 5 to 20 drops of potassium ferrocyanide, 
according to the amount of copper present in the solution, is placed 
in a tall, clear, glass cylinder or Nessler tube of 150 cc. capacity, 5 cc. 
of ammonium nitrate solution added and then the whole or an liquot 
portion of the neutral solution of the assay. The mixture is diluted 
to 150 cc. The same amount of ferrocyanide and ammonium nitrate 
solutions are poured into the comparison cylinder, placed side 
by side with the one containing the sample, on a \fhite tile or sheet 
of white paper. The standard copper solution is now run from a 
burette into the comparison cylinder, stirring during the addition, 
until the color matches that of the assay. The number of cc. required 
multiplied by 0.0001 gives the weight of copper in the sample con- 
tained in the adjacent cylinder. 

(Amount of Cu X 100) -s- wt. .sample = % Cu in the sample. 

Notes. The solution must be neutral, as the copper compound is soluble 
in ammonium hydroxide and is decomposed by the fixed alkalies. If the solu- 
tion contains free alkalies, it is made slightly acid and then the acid neutralized 
with ammonia, added in slight excess. This is boiled to expel the excess of am- 
monia, and then tested according to the directions under “Procedure." Solu- 
tions containing free acids are neutralized with ammonia. • 

Iron may be removed by precipitation with ammonia. As this hydroxide 
occludes copper, the precipitate should be dissolved and reprecipitated to re- 
cover the occluded copper. 

Determination of copper in water is accomplished by evaporating a quan- 
tity of water to dryness, taking up the residue with a little water containing 1 cc. 
of nitric acid, the residue having been ignited to dei^troy organic matter, precipi- 
tating iron with ammonia, and determining copper iii the filtrate. 

Ammonia Method for Determining Small Amounts of Copper 

In the absence of organic matter, nickel and elements giving a 
precipitate with ammonia, copper to an upper limit of 10 milligrams 
can be determined by comparison of the depth of the blue tint of 
its ammonium solution with? a temporary or permanent standard 
coj^jer solution of equal volume. 
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INDUSTRIAL PRODUCTS AND RAW MATERIALS 


Determination of Copper in Refined Copper 

In determining the quality of copper for electrical purposes each 
hundredth of a percent above 99.90 has its significance. The methods 
employed are the electrolytic and the hydrogen reduc- 
tion methods. Silver present is rated as copper. 

Electrolytic Method. — The sample, consisting of un- 
ground drillings, should he untarnished, free of grease or 
oil, and cleaned of particles of iron by use of a good 
magnet. 

Procedure. — A catch weight of about 5 grams is 
taken, each piece being examined for dust, particles 
from the drill and surface oxidation before it is placed 
on the balance pan. Solution is effected in a special 72 

400 cc. beaker which has hipped sides to support a 

series of watch glasses, the 
lower hip at the 125 CC. 
mark, the upper at 350 cc. 
(Fig. 72.) 

The drillings are treated 
with 50 cc. of a stock solu- 
tion (10.5 parts of nitric acid 
and 4.5 parts of sulphuric). 
The watch-glass traps are 
put in place to retain the 
copper which is always en- 
trained in the nitrogen per- 
oxide fumes. Except that 
the current is maintained at 
.75 ampere throughout the 
period of electrolysis, the 
conditions are the same as 
have been described for the 
determination of copper. 

Hydrogen Reduction 
Method. — This method is 
applicable to the determina- 
tion of copper in grades of 
refined copper which are 
characterized by a metallic 
impurity content which is constant and less than 0.01 per cent. The 
apparatus consists of a combustion furnace, preferably electrolytically 
heated, the temperature of which can be kept constant at about 
950® C.; a silica tube of 3-in. bore, one end of which is connected 
with a large Peligot tube containing concentrated sulphuric acid, the 



Fio. 73. — Combustion Furnace, Hinged 
Design, Type 70 — Shown with one '‘Spare” 
Unit. Height to center, 9^'. 

By courtesy the Electric Heating Apparatus 
Company, New York City. 
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other end connected by a rubber plug and flexible tube with* a source 
of purified hydrogen; porcelain combustion boats 95 mm. long, 18 mm. 
wide and 10 mm. deep. i 

Procedure. — A catch weight of about 25.1 grams of drillings is 
placed in the combustion boat, and the boat inserted in the silica 
tube. After passing hydrogen for half an hour through the cold tube, 
the temperature is raised to 950° C. and so maintained for two hours. 
If the furnace is of a type which will permit the removal of the tube 
without disconnecting the train, ^ the tube is taken from the furnace 
without interruption of the stream of hydrogen and cooled by a jet of 
cold air. When cold, the mass of copper, the particles of which are 
cemented, is taken from the boat and weighed. 

Note. If the sarnplc is allowed to become molten, the boat and tube will 
be coated with a film of copper. 


Determination of Copper in Blue Vitriol 

This is best determined on a 2 gram sample of the finely powdered 
dry salt or a catch weight of approximately 2 grams if the salt is moist. 
Copper is deposited electrolyticall}^ the electrolyte being diluted to 
130 cc. and containing 4 cc. of nitric acid and 5 cc. of saturated solution 
of ammonium nitrate. A current of .18 amperes and an electrode of 
ILJ sq. in. depositing surface are used. If the salt contains insoluble 
matter consisting wholly of basic salts, complete solution is brought 
about by gently boiling after adding 4 cc. of nitric acid and 25 cc. of hot 
water to the salt. If the insoluble matter shows a tendency to remain 
in suspension, the presence of arsenic or antimony is indicated. In 
this case the impurities are precipitated along with ferric hydroxide as 
has been previously described under tlie notes on the electrolytic de- 
termination of copper in blister copper. 


Determination of Copper and Lead in Brass ^ 

• 

One gram of the alloy is dissolved in 8 cc. of nitric acid and the 
nitrous fumes are boiled off ; if tin is present, 40 cc. of boiling water 
are added, the metastannic acid allowed to settle on the hot plate Tor 
fifteen minutes and filtered off. (Method for tin is accurate only for 
wrought brass; high iron or antimony interfere.) 

The filtrate from the tin is electrolyzed for copper £fnd lead. If 
the lead is less than 0.75 per cent, an ordinary sandblasted, spiral 
anode is used; if the amount of lead is 0.75 to 5 per cent a sandblasted 

1 A convenient and efficient type of combustion furnace, hinged design^ is 
shown in Fig. 73. This furnace may be purchased from the Electric Heating 
Apparatus Company, New York City. 

* Method of The National Braas and Copper Tube Company, communica^ 
tion by R. T. Roberts. 
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gauze cylinder is necessary. For amounts of lead over 5 per cent 
either a smaller sample is taken or the greater part of the lead is 
precipitatejlj^ as lead sulphate and the small amount of lead passing 
into the filtrate is recovered by electrolysis, using J ampere current per 
solution, after adding 3 cc. of nitric acid. For lead under 0.5 per 
cent 5 cc. of 1:1 sulphuric acid are stirred in, after the current lias 
been passing for at least ten minutes. If the lead is high the sulphuric 
acid is added after the clectroij'sis has continued for at least an hour. 
Under these conditions no lead suli)hate deposits from the solution 
and as long as the current passes, the sulphuric acid present does not 
attack the Pb02 deposited. After the sulphuric acid is added the 
current is raised to 0.5 ampere per solution and the electrolysis con- 
tinued overnight. 

The lead peroxide is dried at 250° C. for half an hour. The factor 
86.43 gives the equivalent per cent of lead. (Factor determined from 
the average of a large number of tests made on pure lead. The factor 
is best obtained under the conditions of the laboratory whore the de- 
terminations are made, as it varies slightly with change of conditions.) 

The copper on the cathode is washed, dried and weighed according 
to the usual standard procedure. 

Copper in Steel, Cast Iron, and Alloy Steels 
• 

From 3 to 5 grams of steel, depending upon tJie amount of copper 
present, are dissolved in a mixture of 60 c-c. of water and 7 cc. of sul- 
phuric acid (sp. gr. 1.84) in a 25()-cc. beaker. After all action has 
ceased, a strip of sheet aluminum, IJ ins. square, bent so that it will 
stand upright in the beaker, is placed in the solution. 

After boiling the solution for twenty to twenty-five minutes, which 
is sufficient to precipitate all of the copper in the sample, the beaker 
is removed from the heat and the cover and the sides waslicd down 
with cold water. The liquid is decanted through an 11 cm. filter, the 
precipitate washed three times writh water, then placed with the filter 
in a 100 cc. beaker, and 8 cc. of concentrated nitric acid and 15 cc. of 
water are poured over the aluminum and the solution heated to boiling. 
This hot solution is poured over the precipitate and filter in the 
100-cc. beaker, and boiled until the paper becomes a fine pulp, only a 
few minutes being required. The solution is filtered, the residue 
washed several times with hot water and copper determined in the 
filtrate by the electrolytic or iodide methods.^ 

1 The Editor desires to mention the assistance received from W. G. Derb> 
and Dr. A. H. Low in the preparation of this chapter. 
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FLUORINE 

F, at.wt. 19; D (air) 1.31S sp.gr. (-187°) l.U; m.p. -223°; b.p. -187° C.; 
acids, HF, H 2 SiFG 

The determination of fluorine in the evaluation of minerals used 
for the i)roduction of hydrofluoric acid is of tecliical importance. 
The demand for elimination of the use of fluorides for preservatives 
of food makes its estimation in small amounts of importance. 

Fluorine is the most acdJve element known, and is by far the most 
active of the halogens, displacing chlorine, bromine, and iodine from 
their combinations. 

OCCURRENCE 

Fluorine occurs only combined. It is found abundantly combined 
with lime in the mineral fluorspar, CaF2. It occurs as cryolite, 
NaaAlFo; apatite, 3Caft(('lF)(P04)3. It is found 
in mineral springs, ashes of plaijts, in bones, and 
in the teeth (OaF-^). It occurs sparingly, with 
aluminum and silicon, in topaz, and with cerium 
and yttrium in fluocerite, yttrocerite, also in 
wavellite, wagnerite, etc. The minerals are de- 
scribed in the chapters dealing with the metals 
combined with fluorine. 

DETECTION 

The Hanging-Drop Test. — The test depends up- 
on the reaction 3SiF4 + 3H2O = 2H2SiI'6 H- H2Si03. 

If the material contains carbonates, it is cal- 
cined to expel carbon dioxide. ^ Half a gram of 
the powdered dry material is mixed with 0.1 gram 
dried precipitated silica and placed in a test-tube, 
Fig. 74— Hang* 74, about 5 cm. long by 1 cm. in diameter, 

ing Drop Test for A one-hole rubber stopper fits in the tube. A 
Fluorine. short glass tube, closed at the uppef end, passes 

through the stopper extending about 3 mm. below. 
Two or three drops of water are placed in this small tube by means of a 
pipette, nearly filling it. Two cc. of concentrated sulphuric acid are 
added to the sample in the test-tube and this immediately closed by 
inserting the stopper carrying the hanging-drop tube, exercising care to 
avoid dislodging the drop of wa^r. The test-tube is placed in a beaker 
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of boiling •water and kept there for thirty minutes. If an appreciable 
quantity of fluorine is present a heavy gelatinous ring of silicic acid 
will be fou|d at the end of the hanging drop tube in the stopper. 

It is important to liavc material, test-tube, and rubber stopper dry, 
so that the deposition may occur as stated. 

Note. Dr. J. C, Olsen makes the test by heating the sample in a 
small Erlenmeyer flask, with <;oncentrated sulphuric acid. A watch-crystal 
with a drop of water su.spended on its curved surface is placed over the mouth 
of the flask. A spot etch is obtained in presence of fluorine. 


Etching Test. — The procedure depends upon the corrosive action 
of hydrofluoric acid on glass, the acid being liberated from fluorides 

by means of hot concentrated sul- 
phuric acid. This test is applicable 
to fluorides that are decomposed by 
sulphuric acid. The reactions taking 
place may be represented as follows: 
1. CaF2 + H2SO4 = CaS 04 + 2HF. 
II. SiOa + 4HF = 2 H 2 O + SiF4. 

The test may be carried out in the 
apparatus shown in the illustration. 
Fig. 75. A clear, polished glass plate 
2 ins. square, free from scratches, is 
warmed and molten wax allowed to 
flow over one side of the plate, the 
excess of wax being drained off. A 
small mark is made through the wax, 
exposing the surface of the plate, care 
being exercised not to scratch the 
glass. If the test is to be quantitative, 
the marks should be of uniform length 
and width. The powdered material is 
placed in a large platinum crucible (B) 
(a lead crucible will do) ; sufficient 
concentrated sulphuric acid is added to 
cover the sample. The plate (B) with 
the wax side down is placed over the 
crucible and pressed firmly down. To prevent the wax from melting, 
a condenser (C), with flowing water, cools the plate. An Erlenmeyer 
flask (C) is ap effective and simple form of condenser, though a 
metallic cylinder is a better conductor of heat. A little water placed 
on the plate makes better contact with the condenser. As a further 
•pj-otection a wide collar of asbestos board (E) may be placed as shown 
in the figure. In quantitative work, where a careful regulation of heat 
is necessary, the crucible is placed in a casserole with concentrated 
sulphuric acid or in a sand bath, containijig a thermometer to register 
the temperature. The run is best conducted at a temperature of 



Fig. 75. — Etching Test for 
Fluorine- 
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200® C, (not over 210® — H 2 BO 4 fumes). After an hour #,he wax is 
removed with hot water and the plate wiped cl^an, and examined by 
reflected light for etching. A test is positive when the i|ark can be 
seen from both sides of the glass. Breathing over the etched surface 
intensifies the mark. 

Treatment of Fluo-Silicates not Attacked by Sulphuric Acid. — The 

powdered material is mixed with about eight times its weight of sodium 
carbonate and fused in a platinum crucible. The cooled melt is 
tracted with water. Calcium fluoride is thrown out from the filtratel 
according to directions under Preparation and Solution of the Sample.i 
The fluoride may now be tested as directed in the etching test or by 
the hanging-drop test. 

Black Filter Paper Test. — According to P. E. Browning, small 
amounts of fluorine may be detected by the converse method for 
detection of silicates and fluosilicates (See silicon). 



Fig. 75a. — Zeiss Binocular Microscope XA. 

(Courteuy of Harold M. Bennett, New York) < 
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METHODS FOR THE DETERMINATION OF FLUORINE 
I Preparation and Solution of the Sample 

Fluorides of the alkalies, and of silver and rner(;ury, are readily 
soluble; copper, lead, zinc, and iron fluorides are sparingly soluble; 
the alkaline earth fluorides dissolve in 100 cc. of H 2 O as follows: BaP^ =» 
0.163 gram, SrP’o = 0.012 gram, CaP'-i = 0.0016 gram. 

Fluosilicates of potassium, sodium, and barium are slightly soluble 
in water and practically insoluble if sufficient alcohol is added. 

Valuation of Fluorspar. — Perchloric Acid Method. — One gram of 
fluorspar is treated with 15 cc. of perchloric acid and 15 cc. of water in a 
suitable distillation flask and heated in an oil bath until the residue 
is almost dry. The distillation is continued with 10 cc. and finally 
5 cc. portions of perchloric acid and equal amounts of water. Hy- 
drofluoric acid may be determined as lead chloro fluoride in the dis- 
tillate and water soluble residue analyzed for metals. 

Calcium Fluoride. — The product is best decomposed by fusion with 
sodium and potassium carbonates or sodium and potassium hydroxide 
in an iron crucible. If the latter fusion mixture is used, heat first to 
fusion to expel the water before adding the ore, after mixing the 
fluoride with 2.5 times as much silicic acid, followed by ten times its 
weight of carbonates. Most of the silicic acid and all the fluorine will 
be changed to soluble alkali salts, while the calcium will be left as in- 
soluble calcium carbonate. 

Silicious Ores and Slags. — 0.5 to 1 .0 gram of material is fused in 
a crucible with ten times its weight of sodium and potassium car- 
bonates (1 : 1) and poured into an iron mould. If a porcelain crucible 
has been used, this is broken up and added to the cooled fusion. The 
mass is digested with about 200 cc. of hot water for an hour, the mass 
having been broken up into small lumps (Kneeland recommends using 
an agate-ware casserole as diminishing the liability of subsequent bump- 
ing) then boiled briskly for ten minutes longer and filtered, the solution 
being caught in a large beaker. The residue is washed with hot 
water, followed by a hot solution of ammonium carbonate and the 
insoluble material rejected. The silica is removed with ammonium 
carbonate, followecf by the zinc oxide treatment of the second filtrate, 
as described under the section of Separations. In presence of appre- 
ciable amounts of fluorides, the gravimetric precipitation of fluorine 
as calcium fluoride is recommended. 

Removal of Silicic Acid from Fluorides. — This separation is 
frequently required, especially in samples where the sodium and 
potassium carbonate fusion has been necessary for decomposition of 
‘fluosilicates, or calcium fluoride mixed with silicic acid. 

To the alkaline solution about 5 to 10 grams of ammonium car- 
bonate are added, the solution boiled for five minutes and allowed 
to stand in the cold for two or three hours. The precipitate is filtered 
off and washed with ammonium carbonate solution. The fluoride 
passes into the filtrate, while the silicic acid remains on the filter. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION 
OF FLUORINE ^ 

PRECIPITATION AS CALCIUM FLUORIDE 

The method utilizes the insolubility of calcium fluoride in dilu 
acetic acid in its separation from calcium carbonate, the presence (« 
which facilitates filtration of the slimy fluoride. The reaction for 
precipitation is as follows: \ 

2NaF + CaCL = CaFs -h 2NaCl. 

Procedure. — Solution of the sample and the removal of silica having 
been accomplished according to procedures given under Preparation 
and Solution of the Sample, and Separations, the solution is neutralized, 
if acid, by the addition of sodium carbonate in slight excess; if basic, 
by addition of hydrochloric acid in excess, followed by sodium car- 
bonate. To this solution, faintly basic, 1 cc. of twice normal sodium 
carbonate reagent is added, followed by sufficient calcium chloride 
solution to precipitate completely the fluoride and the excess of 
carbonate, i.e., until no more precipitate forms, and then 2-3 cc. in 
excess. After the precipitate has settled, it is filtered and washed with 
hot water. (The filtrate should be tested for fluorjde and carbonate 
with additional calcium chloride.) The precipitate of calcium fluoride 
and carbonate is dried and transferred to a platinum dish, the ash of 
the filter, burned separately, is added and the material ignited. After 
cooling, an excess of dilute acetic acid is added, and the mixture 
evaporated to dryness on the water bath. The lime is converted to 
calcium acetate, while the fluoride remains unaffected. The residue 
is taken up with a little water, filtered and washed with small portions 
of hot water, by which procedure calcium acetate is removed, while 
calcium fluoride remains on the filter.^ The residue is dried, separated 
from the filter and ignited. This, together with the ash of , the filter, 
is weighed as CaF 2 . 

To confirm the result, the residue is treated with a slight excess of 
sulphuric acid and taken to fumes in a platinum dish. The adhering 
acid is removed as usual by heating with ammonium carbonate, and 
the ignited residue weighed as calcium sulphate. CaF x 1.7436 <* 
CaS04. 

CaO X 1.3924 = CaF 2 , or X 0.677 *= F. CaFj X 0.^867 = F. 

1 The results are slightly low, owing to the solubility of calcium fluoride: 
100 cc. of H 2 O dissolves 0.0016 gram CaF*; 100 cc. of 1.5 N. HC2Ha02 dissolves 
0.011 gram. 



METALLURGICAL ANALYSIS 


265 


PRECIPITATION .OF FLUORINE AS LEAD CHLOROFLUORIDE 

The method, worked out by Starck, takes advantage of the double 
halide formed by action of lead chloride upon a soluble fluoride. The 
compound, PbFCl, is about fourteen times the weight of the fluorine 
it contains. Unfortunately, the compound is (piitc appreciably soluble 
in water, ^ so that a loss occurs if pure water is used for washing the 
precipitate. The method is limited to the determination of soluble 
fluorides. 

The sample, made neutral, is treated with a large excess of a cold 
saturated solution (200 cc. of PbC'U per 0.1 gram of NaF in 50 cc. 
solution) of lead chloride, the precipitate, settled over night, is filtered 
off in a weighed Gooch crucible, washed several times with a saturated 
solution of lead chlorofluoride, and finally two or three times with 
ice-cold water. The compound is dried two hours at 140-150° C., and 
weighed as PbFCl. 

1 One hundred grams of H 2 O at 18° C. dissolves 0.0325 gram of PbFCl and 
0.1081 gram at 100° 0. 
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VOLUMETRIC METHODS FOR THE DETERMINATION 
OF FLUORINE * ( 

Volumetric Determination of Fluorine — Formation of Silicon Tetra- 
fluoride and Absorption of the Evolved Gas in Water. Offerman|s 
Method 

Silicon tetrafluoride is formed by the action of sulphuric acid upon 
a fluoride in presence of silica, the evolved gas is received in watei( 
and the resulting compound titrated with standard potassium hy-' 
droxide. The method is suitable for determining fluorine in fluorspar. . 

Reactions: A. 38iF4 + 2 H 2 O = 2H2SiF6 + 8i02. 

B. H2SiF6 + 6KOH = GKF + Si02 + 4H20. 

Procedure. — The powdered sample, containing the equivalent of 
0. 1-0.2 gram of calcium fluoride, is mixed with about three times its 
weight of pulverized quartz (previously ignited and kept in a desic- 
cator), placed in the decomposition flask F, shown in Fig. 76, and 
about 1 gram of anhydrous copper sulphate added, followed by 25 cc. 
of concentrated sulphuric acid. The stopcock E is closed and the air 
bath heated gradually till in one-half hour the temperature has risen 
to 220® C. The cock E is now opened and air slowly forced through the 
apparatus (by means of a water pump) at the rate of about three bubbles 
per second, the temperature being kept at 220° C., and the flask contain- 
ing the sample occasionally shaken. When the bubbles of silicon 
tetrafluoride have disappeared from F, the flame is removed, but the 
air current continued for half an hour longer. The run having been 
made as directed, the solution in tube K is poured into a beaker, an 
excess of standard potassium hydroxide added and after heating the 
solution to boiling the excess alkali is titrated with standard sulphuric 
acid, using phenolphthalein indicator. 

Notes. The bottles A, C, and D are for the purpose of. thoroughly dry- 
ing the air, as moisture in the apparatus is to be avoided. (? contains strong 
Sulphuric acid, H is filled with glass beads to remove sulphuric acid spray, 7 
ana J are empty tubes, which should be thoroughly dry. The gas is completely 
absorbed in A. 

It is found advisable to use mercury in the tube A as 'a trap, thus prevent- 
ing the stoppage of the delivery tube by crystalization. The gas readily passes 
up through the mercury and is absorbed in the supernatant solution. 

In place of using N/10 solutions the potassium hydroxide may be made of 
such strength that 1 cc. will equal 1 % fluorine with 0.5 g. sample taken and the 
acid made to a corresponding strength. t 

Minerals not decomposed with sulphuric acid should be fused with NagOz 
and the fused mass placed in the generating flask. 50 cc. of cone. H 2 SO 4 is now 
added to overcome the NaOH. 
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colorImetric determination of fluorine — method of 

i . STEIGER AND MERWIN « 

The method is based on the bleaching action of fluorine upon the 
yellow color produced by oxidizing a solution of titanium with hydro- 
gen peroxide. A known amount of titanium x 

in solution is mixed with a definite volume of ^ 


the solution containing the fluorine and the 
tint compared with a standard solution con- 
taining an equivalent amount of titanium. 
The extent of bleaching enables the computa- 
tion of the fluorine present. The method is 
applicable to determination of fluorine in 
amounts ranging from 0.00005 to 0.01 gram. 
Merwin has shown that large amounts of 
alkali sulphates have a bleaching action 
similar to fluorine. Addition of free acid, 
or rise of temperature, intensifies the color 
lost by bleaching. Aluminum sulphate has 
no marked effect on standard solutions, or 
on solutions bleached by alkali sulphates, 
but it restores the color to a considerable 
degree to solutions bleached by fluorine. 
Ferric sulphate has a similar effect. Phos- 
phoric acid bleaches a standard solution. 
Silica has little effect. According to Mer- 
win an accuracy of 0.002 gram may be 
expected, an error which is half that of the 
most reliable gravimetric method. 

Reagents. — Standard Titanium Solu- 
tion. — An intimate mixture of 1 gram of Ti02 
and 3 grams of ammonium persulphate is 
heated until the vigorous action has ceased, 
and the aihmonium sulphate is expelled. The 
residue is treated with 20 cc. of strong sulphuric 
acid, heated to fuming and, when cold, poured 
into about 800 cc. bf cold water. When the 
suspended salt has dissolved, 57.5 cc. of strong 
sulphuric acid are added, and the solution 
made up to 1000 cc. (50 cc. or more of the 
solution shoulckbe analyzed for Ti02). One cc, 
will contain 0.001 gram of TiOo. 

Standard Fluorine Solution. — 2.21 grams 
of sodium fluoride, which has been purified 
by recrystallizing, washing, and igniting 

‘ C. Steiger, Jour. Am. Chem. Soc., 80, 219, 1908. 

H, E. Merwin, Am. Jour. Sri. 4 (28, 419, 
1909), Chem. Abs., 3, 2919 (1909). JW. Mellor,“ 
Inorganic Analysis.’’ Chas. Griffin & Co. 
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strongly, is dissolved in 1000 cc. of water. One cc. wi^l contain 
0.001 gram of fluorine. . / 

Sulphuric Acid. — 95.5% solution, sp.gr., 1.84. • 

Hydrogen Peroxide. — Ordinary strength. 

Standard Colored Solution. — The solution used in determining 
fluorine in materials fused with alkali carbonates contains 10 cc. off 
the titanic solution, 4 cc. of hydrogen peroxide, and 4 cc. of conv 
centrated sulphuric acid. \ 

Apparatus. — Nessler Tubes 6 cm. long, 2.7 cm. in diameter are\ 
recommended by the authors. Colorimeters may be used in place of 
Nessler tubes. 



Procedure. — Two grams of the powdered samf>le are fused with 
8 grams of mixed sodium and potassium carbonates, the fusion taken 
up with hot water, and when leached, 3 to 4 grams of ammonium 
carbonate added. The mix is warmed for a few minutes and then 
heated on the water bath till the ammonium carbonate is decomposed 
and the bulk of liquid is small. Silica, ferric oxide, and aluminum 
oxide are thrown down and are removed by filtration. The filtrate, 
which should not exceed 75 cc., is treated with 4 cc, of hydrogen 
peroxide, and then 10 cc. of standard titanium solution cautiously 
added (H 8 O 2 prevents precipitation of Ti 02 by the alkali carbonates), 
followed by 4 cc. of strong •sulphuric acid to neutralize the alkali 
carbonates. The solution, neutral or slightly acid, acquires a light 
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orange |int. A little sodium carbonate is added in just sufficient 
amount p discharge the color, and then a drop or so of acid to again 
restore ill The amount of excess acid now required depends upon the 
amount of fluorine present in the solution. For amounts of fluorine 
less than 0.0025 gram (0.125% of sample), 3 cc. of H 2 SO 4 are added. 
For amounts of 0.0025 to 0.012 gram of fluorine, 12 cc. of acid are 
added. The solution is diluted to 100 cc. and cooled to 22 ® C. 

Comparison. — The test solution is now compared with the standard 
solution containing 10 cc. of titanium reagent, the temperature, amount of 
acid and hydrogen peroxide being the same as the test sample (volume of 
100 cc.). If Nessler tubes are used, these arc held over a white surface 
illuminated with diffused light. In the absence of a bleaching sub- 
stance, such as fluorine, the two solutions will have the same tint, 



but in presence of fluorine the bleaching effect will cause the test 
solution to appear paler than the standard. The depths of the liquids 
are adjusted so that the tubes will have the same intensity of color 
when moved from right to left or reversed. Should the left eye per- 
ceive a darker sliade, the tube on the left will appear uniformly darker 
whether it be the test sample or the standard. The comparative depths or 
volumes of the liquids in the tubes are measured and the ratio obtained by 
dividing the depth or volume of the fluorine solution by the depth or volume 
of the standard and multiplying by 100 . Reference may be made to the 

plotted curve shown in Fig. 77. The ratio pepth of Standard ^ “ 

the abscissa, while the ordinate represents the amount of fluorine in 

the 2 gram sample. , , . j . 

Example. — Suppose the test solution = 3.6 cm. and the standard * 
4.5 cm., the ratio then = 80, from the curve it is evident that the 
fluorine ’= 0.00095 gram or 0.0475%, silice a 2 gram sample was taken. 
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NOTES 

1. The destruction of ammonium carbonate is necessary because /immonium 
sulphate bleaches the final solution and should be absent. 

2. Changes of ktemperature of 50° C. intensify the color 5 to 15 per cent. 

3. Increasing the acidity tends to restore the bleached color. 

4. The same ratios are obtained by dividing the final volume of the 
standard by the volume of the test in cases in which a colorimeter is used 
which requires the standard to be diluted. 

5. According to Merwin, however, the bleacliing effect of alkali sulphates, 

which are present, wiU make the ratio much higher than it would be if they were 
absent. (The sulphates alone give a ratio of 125.) This ratio should be deter- 
mined on two 8-gram portions of the alkali carbonate mixture used in the fusion 
and the correction made accordingly. If this ratio is represented by m and 
r is the ratio of the two solutions, then (r - in) 23,000 « g. F. for amounts 
of fluorine not exceeding .0025 g. (3 cc. H 2 SO 4 , 22° C., 4 cc. H 2 O 2 , .01 g. Ti02). 
If the fluorine amounts to .0025 to .012 g. then 12 cc. H 2 SO 4 is added and the 
formula required is (r - m*- 3) 0,300* g. F. (m blank should be determined 

and shouldf not much exceed 108). In absence of sulphates the following 
formula are given — 

(a) (r - 100) + 70,000 » g. F, with .5 cc. H 2 SO 4 , limits of F * .00005 to .001 g. 

(b) (r - 100) + 22,000 « g. F, with 3.5 H 2 SO 4 , limits of F = .001 to .004 g. 
Example (a) if r » 142 then (142 - 100) 70,000 * .0006 g. F. 
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INDUSTRIAL PRODUCTS AND RAW MATERIAfS 
VALUATION OF FLUORSPAR 

The following procedure meets the commercial rc(iuircments for 
the valuation of fluorspar. The determinations usually required are 
calcium fluoride, silica, and calcium carbonate; in some particular 
cases lead, iron, zinc, and sulphur. 

Procedure. — Calcium Carbonate. — One gram of the finely powdered 
sample is placed in a small Erlenmeyer flask, 10 cc. of 10% acetic 
acid arc added, a short-stemmed funnel inserted in the neck of the 
flask as a sj)lasli trap, and the mixture heated for an hour on a water 
bath, agitating from time to time. The calcium carbonate is decom- 
posed and may be disvsolved out as the soluble acetate, whereas the 
fluoride and silica arc practically unaffected. The solution is filtered, 
through a 7 cm. ashless filter, the residue washed with warm water 
four times, and the filter burned off in a weighed platinum crucible 
at as low a temperature as possible. The loss of weight minus 0.0015 
gram (the amount of calcium fluoride soluble in acetic acid under the 
conditions named) is reported as calcium carbonate. 

Silica. — The residue in the platinum crucible is mixed with about 
1 gram of yellow mercuric oxide, in form of emulsion in water *(to 
oxidize any sulphide that may be present) ; any hard lumps that may 
have formed are broken up, the mixture cva})orated to dryness and 
heated to dull redness, then cooled and weighed. About 2 cc. of 
hydrofluoric acid are added and the mixture evaporated to dryness. 
This is repeated twice to ensure complete expulsion of silica (as 
SiF 4 ). A few drops of hydrofluoric acid .nre then added, together with 
some macerated filter paper, and a few droj)s of ammonium hydroxide 
to precipitate the iron. The solution is evaporated to dryness, heated 
to dull redness, cooled and weighed. The loss of weight is reported 
as silica. 

Calcium Fluoride. — The re.sidue is treated with 2 cc. of hydrofluoric 
acid and 10 drops of nitric acid (to decompose the oxides), the crucible 
covered and placed on a moderately warm waterrbath for thirty 
minutes, the lid then removed and the sample taken to dryness. The 
evaporation with liydrofluoric acid is repeated to ensure the transposi- 
tion of the nitrates to fluorides, and if the residue is still colored, hy- 
drofluoric acid again added and the mixture taken to dryness a third 
time; then a few’ drops of hydrofluoric acid are added and 10 cc. of 
ftmtuonium acetate solution (the acetate solution is made by neutral* 
izing 400 cc. of 80% acetic acid with strong ammonia, adding 20 grams 
of citric acid and making the mixture up to 1000 cc. with strong 
ammonium hydroxide). The mixture is digested for thirty minutes on 
a boiling water bath, then filtered and washed with hot water con- 
taining a small amount of ammonium acetate, and finally with pure 
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hot wattl*. (Several washings by decantation are advisable.) The 
residue iaignited in. the same crucible and weighed as calcium fluoride, 
^n addition of 0.0022 gram should be made to compensate for loss of 
CaFz. 

Pure calcium fluoride is white. To test the purity of the residue, 
2 cc. of sulphuric acid are added and the material taken to fumes to 
decompose the fluoride; 1 cc. of additional sulphuric acid is added 
and the excess of acid expelled by heating. The residue is weighed as 
calcium sulphate. This is now fused with sodium carbonate, and the 
fusion treated with hydrochloric acid in excess. If barium is present 
the solution will be cloudy (= BaS 04 ). 

ANALYSIS OF SODIUM FLUORIDE 

Preparation of the Sample and Insoluble Residue. — Ten grams of 
the sample are dissolved in 250 cc. of water in a beaker, and boiled 
for five minutes, then filtered into a liter flask through an ashless 
filter ; the residue is washed with several portions of water and ignited. 
This is weighed as insoluble residue. The filtrate and washings are 
made to 1000 cc. with distilled water. 

Sodium Fluoride. — Fifty cc. of the solution equivalent to 0.5 gram 
of sample are diluted to 200 cc. in a beaker, 0.5 gram sodium car- 
bonate is added and the mixture boiled. An excess of calcium chloride 
solution is now added slowly and boiled for about five minutes. A 
small amount of paper pulf) is added to prevent the precipitate from 
running through the filter, the precipitate allowed to settle and then 
filtered, using a 9 cm. fine grain filter paper. The fluoride is washed 
twice by decantation, and four or five times on the filter with small 
portions of hot water. The final washings should be practically free 
of chlorine. 

The residue is ignited in a platinum dish, then treated with 25 cc. 
of acetic acid, and taken to dryness. This treatment is repeated and 
the residue taken up with a little hot water and filtered. The calcium 
fluoride is washed free of calcium acetate with small portions of water, 
remembering that CaF 2 is slightly soluble in water. The ignited 
residue is weighed as CaFa. 

CaFa X 1.0757 - NaF. 

Sodium Sulphate. — To the filtrate from calcium fluoride is added 
10 cc. of hydrochloric acid and then a hot solution of barium chloride. 
The BaS 04 is allowed to settle, filtered, washed, dried, ignited, and 
weighed as usual. 

BaS04 X 0.6086 - Na2S04. 

Sodium Carbonate. — Sodium carbonate is determined on a 5 gram 
sample by the usual method for carbon dioxide as described in the 
chapter on Carbon. 
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Approximate results may be obtained by adding a smallrexcess of 
normal sulphuric acid to 5 grams of the fluoride jn a platinum dish, 
boiling off the carbon dioxide, and titrating the excess of %cid with 
normal caustic, using phenolphthalein indicator. 

One cc. N.H2SO4 = 0.053 gram Na^COs. 

H 2 SO 4 X 1.0816 - NazCOa. 

Sodium Chloride. — Fifty cc. of the sample is titrated with N/10 
AgNOa solution. 

Silica. — This is probably present as sodium fluoride and silicate. 
One gram of the sample is dissolved in the least amount of water and 
a small excess of hydrofluoric acid added to convert the silicate to 
silico-fluoride, then an equal volume of alcohol. After allowing to 
stand for an hour, the precipitate is filtered, washed with 50% alcohol 
until free of acid and the filter and fluoride are placed in a beaker with 
100 cc. of water, boiled and titrated with N/U) NaOH. 

One cc. N/10 NaOH = 0.0015 t;ram SiO,. or 0.0047 gram NazSiFe. 

Volatile Matter and Moisture. — One-gram sample is heated to dull 
redness to constant weight. Loss of weight is due to moisture and 
volatile products. 



Fia.78a — A Chessel Stop-cock Remover. 

(Ckiurtesy of Scharr & Co , Cliicago, 111.) 
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GLUCINUM (BERYLLIUM) 

Gl, at.wt. 9.1; sp.gr. 1.86”®; m.p.>960°C.; oxide, GIO 
OCCURRENCE 

Glucinum or Beryllium occurs combined in certain rare minerals. 

Minerals.— T \\q most important is Beryl, Be 3 Al 2 (Si 03 ) 6 . The color 
is usually some shade of green, but also blue, white, yellow, red or 
colorless; transparent to nearly opaque, vitreous lustre; brittle; 
harder than quartz, 7.5-8; gives a white streak. The crystals are 
hexagonal prisms, in length from mere threads to several feet, some- 
times in large columnar masses. 

DETECTION 

In the usual course of analysis glucinum will be precipitated by 
ammonia along with iron and aluminum hydroxides. Silica having 
been removed by evaporation to dryness of the acid solution of the 
substance, extraetion of the residue with dilute hydrochloric acid and 
subsequent filtration, the members of the hydrogen sulphide group 
are precipitated from slightly acid solution by hydrogen sulphide. 
The filtrate is concentrated to about 30 cc., and about 2 grams of 
sodium peroxide are added to the cooled liquid, which is now heated 
to boiling and filtered. Fe(OH)s remains insoluble, if iron is present, 
while aluminum and glucinum dissolve. The filtrate is acidified with 
nitric acid, and ammonia then added in excess. If a precipitate forms, 
aluminum or glucinum or both are indicated. Glucinum hydroxide and 
aluminum hydroxide cannot be distinguished by appearance; the 
solubility of the former in sodium bicarbonate solution makes it 
possible to separate the two. The precipitate is dissolved in acid and 
the solution made almost neutral with ammonia. Solid sodium bicar- 
bonate is added dn sufficient amount to make the solution contain 
10% of the reagent and the mixture heated to boiling, then filtered. 
Aluminum hydroxide remains on the filter paper and glucinum passes 
into the filtrate, in which it may be detected by diluting to ten 
volumes wiyi water and boiling, whereupon glucinum hydroxide 
precipitates. 

Glucinum hydroxide, Gl(OH) 2 , is precipitated from neutral or acid 
solution by ammonia, insoluble in excess (distinction from Al(OH)*). 
It is precipitated by sodium and potassium hydroxides, soluble in 
excess (separation from iron); if this solution is boiled Gl(OH )2 is 
reprecipitated, Al(OH )3 remains in sojution. Gl(OH )2 is soluble in 
an excess of ammonium carbonate, Al(OH )3 is insoluble. 
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Solution of the Sample 

The oxide, GIO, is soluble in strong sulphuric acid. It decom- 
posed by fusion with potassium fluoride. The freshly precipitated 
hydroxide, Gl(OH)a, is easily soluble in dilute acids, in alkalies and 
alkali carbonates and bi carbonates. 

The methods of preparation and solution of the sample are the 
same as those described for the estimation of aluminum. For details 
of these procedures the analyst is referred to the chapter on this 
element. 

Removal of Silica and Members of the Hydrogen Sulphide Group. — 

See procedure given under “ Detection.” 

Separation of Glucinum from Iron and Manganese. — The acid 
solution is nearly neutralized with ammonia and then poured with 
constant stirring into an excess of a cold mixture of ammonium sul- 
phide and carbonate. Iron and manganese arc precipitated, whereas 
glucinum passes into the fiUratc. (Zirconium and yttrium will be 
found with glucinum, if they are present in the material examined.) 

Separation from Zirconium and Yttrium. — The filtrate obtained 
from the separation of iron and manganese is boiled for an hour, the 
precipitate is filtered and washed, then dissolved in dilute hydrochloric 
acid. To this solution is added an excess of sodium hydroxide, zir- 
conium and yttrium are precipitated, whereas gluckium remains in 
solution. After filtering, glucinum may be precipitated by boiling 
the diluted filtrate. 

Separation from Aluminum, Chromium and Iron. — The elements 
precipitated as hydroxides are ignited to oxides and fused with sodium 
carbonate for an hour or more. Upon leaching with water, aluminum 
and chromium dissolve, while iron and glucinum remain insoluble. 
The oxides of glucinum and iron may be separated by fusion with 
sodium acid sulphate, extracting with water and precipitating 
the iron with an excess of sodium hydroxide, glucinum remaining in 
solution. 

Separation of Glucinum from Aluminum. — The hydroxides of 
aluimnum and glucinum are precipitated with anftnonla and the 
precipitate treated with an excess of ammonium carbonate. Gl(OH)2 
dissolves, whereas Al(OIf).t remains insoluble. See Detection, . also 
Gravimetric Method for Determination of Glucinum. 
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pRAVIMETRIC DETERMINATION OF GLUCINUM 

The procedure recommended by Parsons and Barnes depends 
upon the solubility of gluciiium hydroxide in a 10% sodium bicar- 
bonate solution, in the separation of this element from iron and 
aluminum hydroxide precipitate, with which it is commonly thrown 
out from solution. (Uranium, if present, also dissolves.) 

Procedure. — Silica and the members of the hydrogen sulphide 
group having been removed by the usual methods (See Detection), 
hydrogen sulphide is expelled by boiling, nitric acid is added in suffi- 
cient amount to oxidize iron (the hydrochloric acid solution turns 
yellow) and ammonium hydroxide added in slight excess. The pre- 
cipitated hydroxides arc allowed to coagulate by heating to boiling^ 
and, after settling a few minutes, filtered and washed with a 2% 
solution of ammonium acetate containing free ammonia. 

Separation from Iron and Aluminum Hydroxide. — The precipitate 
is dissolved in hydrochloric acid, the solution oxidized with 
nitric acid or hydrogen peroxide (C.P.), if necessary, and the free acid 
then neutralized with ammonia. To the cold solution are added 10 
grams of sodium bicarbonate for each 100 cc. of liquid. The mixture 
is heated to boiling and boiled for one minute, then cooled and 
filtered. The residue, is washed with hot 10 % solution of sodium bi- 
carbonate, Iron and aluminum hydroxides remain on the filter and 
glucinum passes into the filtrate. 

To recover occluded glucinum from the hydroxides of iron and 
aluminum, the precipitate is dissolved in a few drops of hydrochloric 
acid, and the precipitation repeated. It is advisable to repeat this 
a third time, adding the filtrates to the first portion containing the 
glucinum. 

Precipitation of Glucinum. — The combined filtrates from the 
aluminum and iron hydroxides arc acidified with strong hydrochloric 
acid, the ^beakers covered to prevent loss by spurting and the carbon 
dioxide completely removed by boiling. (CO 2 remaining in solution 
would form ammpnium carbonate, on subsequent treatment with am- 
monia, which would dissolve glucinum.) A slight excess of ammonia 
is now added, the ’mixture again boiled and the precipitated glucinum 
hydroxide allowed to settle, then filtered and washed with a 2 % solu- 
tion of ammonium acetate containing free ammonia, until the chlorides 
are removed. After ignition the residue is weighed as glucinum 
oxide, GIG. • 

GIO X 0.3626 = Gl. 


‘ Prolonged boiling would cause the loss of too much CO 2 , so that Al(OH)j 
would be apt to pass into solution. The evolution of CO 2 may be mistaken for 
boiling. 
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GOLD 

All, at.wt. 197.2; sp.gr. 19.33; m.p. 1063; b.p. 2630*^ C; oxides, AuzO, AusOs 
OCCURRENCE 

Gold is widely distributed in nature. It is found more commonly 
in igneous rocks of acid types, also in sedimentary and metamorphic 
rocks, in (piartz veins, in placer deposits, alluvial sands, generally 
alloyed with silver and may contain copper, lead, iron, bismuth, etc. 
It occurs combined with tellurium and is frequently associated with 
pyrite, chalcopyrite, galena, sphalerite, arsenopyrito, tetradymite and 
other tellurium ores. It occurs in sea water. The important min- 
erals are : 

Minerals. — Native Gold, Au, a soft, malleable, opaque mineral 
with color and streak varying from golden yellow to yellowish white 
according to the silver content. It occurs in nuggets (In Australia 
two nuggets weighing 184 and 190 lbs. respectively, have been found), 
grains, scales or plates. Hardness 2.5-3. 

Gold Tellurides, Calaverite, Sylvanite, Krennerite (AuAg)Te 2 , 
Petzite (AuAg) 2 Te, Nagyagite Au 2 PbioSb 2 TeBSi 6 . 

The tellurides are granular massive, dull, often mixed with pyrite. 
Color silver white, yellow, steel gray or nearly black. Streak the 
same as the color. Calaverite is the most common. 


DETECTION 

Because of the limited application and tediousness of wet methods, 
the detection of a small quantity (2 parts per million or less) of gold 
in a mineral or base metal is most positively carried out by furnace 
methods of assaying. Wet methods of detection «f traces of gold 
can be applied only to solutions free of colored sialts and elements 
precipitated by the reagents employed. As a rule, in the treatment 
of an unknown substance, advantage is taken of the solubility of 
most metals and their compounds, and insolubility of gold by one 
of the mineral acids. 

Before the blowpipe on charcoal gold fuses to a T^right yellow 
button, soluble in aqua regia, insoluble in the other mineral acids. 
Silver separates out as a white curd like precipitate. If the solution 
is evaporated to a viscous syrup and diluted with water, stannous 
chloride added and the solution warmed a purple precipitate forms, 
or a purple colored solution depending upon the amount of gold 
present “ Purple of Cassius.’^ 
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Detectron of Gold in Alloys. — In metals or alloys which produce 
colorless Alutions with dilute nitric acid, gold, in the absence of other 
insoluble matter, exhibits itself as a black or brownish residue which 
settles readily, and from which the liquid can be separated by careful 
decantation. If unassociated with metals of the idatinum group, 
this residue will become yellowish brown on heating with strong nitric 
acid. 

In copper, nickel and such alloys, which leave a residue of sulphur, 
carbon or silicious matter on treatment with dilute nitric acid, the 
solution is filtered through double ashless filters and the filter and 
residue incinerated in a porcelain crucible. The residue, which may 
require pulverizing, is digested for a few minutes with aqua regia, 
and the dilute, filtered solution evaporated to dryness by heating 
below 100° C. Just as soon as dry, the mass is moistened with the 
least quantity of hydrochloric acid and the purple of Camius test 
applied to its water solution in a small volume. This test is made 
by adding a solution of stannous chloride, containing stannic chloride. 
In strongly acid and concentrated gold solutions a precipitate of brown 
gold is obtained. If the solution is but slightly acid and dilute, a 
reddish purple color is produced by colloidal gold and the stannic 
acid. The tint fades on standing. Addition of ammonia produces 
a red coloration. 

This test applied to 1 part of gold in 600,000 of solution will im- 
part a perceptible shade; to double this quantity, a mauve color. 
When gold is present in somewhat greater proportion a flocculent 
precipitate will form. 

Test for Gold in Minerals. — From minerals, in which metal exists 
in unalloyed, or uncombined state, gold may be extracted by iodine 
in potassium iodide solution, or by chlorine or bromine water. All 
minerals containing sulphides should be roasted. In natural or roasted 
state the sample should be very finely pulverized, and usually yields 
the gold best if first digested with nitric acid and washed free of 
soluble salts. The sample in a flask is covered with bromine water, 
the flask closed with a plug and shaken frequently during a period 
of three or four hours. The purple of Cassius test is applied to the 
extract, removed by decantation after concentration. 

If it is evident that base metals are present in the bromine water 
extract in quantity sufficient to mask the purple of Cassius test, 
hydrogen peroxide is added to the concentrated liquid, slightly alkaline 
with sodium potassium hydroxide or carbonate. After boiling the 
solution until hydrogen peroxide is removed, precipitated hydroxides 
or carbonates are dissolved by hydrochloric acid. Gold in exceed- 
ingly small quantity exhibits itself as a light-brown residue on a 
fine filter. This indication should be confirmed by a purple of 
Cassius test on the aqua regia solution of the residue; the test 
carried out in the same manner as on the residue from a solution of 
a metal. 
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Benzidine Acetate Tests. — Maletcsta and Nola make of benzi- 
dine acetate (1 gram benzidine dissolved in 10 cc. acetiJ acid and 
50 cc. water) as a reagent in the dctc(;tion of gold and jiatinum in 
quite dilute solutions. (Jold gives a blue coloration which gradually 
changes to violet. The coloration i.s green in the presence of free 
acetic acid, changing to blue with addition of benzidine in exce.ss. 
Platinum gives a blue flocculcnt precipitate, the formation of whichf 
is promoted by heating. Free mineral a(;ids have no influence onl 
the gold and retard the platinum reaction only in the cold. Since 
ferric salts give a blue coloration, stable only in excess of benzidine, 
their absence must be as.sured before application of the test for the 
precious metals. The limit of sensitiveness of the test is 35 parts 
for gold and 125 parts for platinum per 10,000,000. 

Phenylhydrazine Acetate Test. — E. Pozzi Escut adds phenylhydra- 
zine acetate to a very dilute gold solution which contains an excess 
of an organic acid (formic or citric). A violet coloration, permanent 
for several hours, is imparted. The depth of color is proportional 
to the quantity when the gold present in less amount than one 
part in 500,000. 

DowseWs factory test of barren cyanide solutions is capable of de- 
tecting variation in gold value of 1 cent per ton in solutions varying 
from one cent to about 15 cents per ton. To 500 cc. of the sample in 
a bottle with slight shoulder are added 10-15 cc. isaturated sodium 
cyanide solution, 2 or 3 drops saturated lead nitrate solution and 1-2 
grams 200-mesh fine zinc dust. The stoppered bottle is shaken vio- 
lently until the precipitate .settles rapidly. Inverting the bottle 
allows the precipitate to .settle into a casserole. Clear liquid is re- 
moved by decantation. Zinc is dissolved by hydrochloric acid added 
drop by drop until reaction ceases. A few drops excess hydrochloric 
acid and 3-5 drops dilute nitric acid (sp. gr. 1.18) are added and the 
liquid concentrated to 1-2 cc. The solution is transferred to a i-in. 
diameter test-tube, about 1 cc. of stannous chloride reagent added 
and grade of cyanide solution estimated by the tint obtained after 
one or two minutes standing. l/lOOO oz. gold per ton of original 
cyanide solution gives a very slight coloration; >5/10000 a slight 
yellow; 1/500 a slight pinkish yellow; 3/1000 a strong pink; 1/250 
the purple of Cassius. Too much nitric acid hinders the production 
and the presence of mercury causes modification of the color. No more 
lead nitrate should be used than is sufficient to produce a rapidly 
settling precipitate. The stannous chloride reagent is a water solu- 
tion containing about 12i% crystals and 10% concentrated hydro- 
chloric acid. 
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Solubility 

Gold ill massive form is practically insoluble in pure nitric^ sul- 
phuric or nydrochloric acids, but in the presence of oxidizing agents, 
is attacked appreciably by sulphuric, and actively by hydrochloric 
acid. Gold is found in minute quantity in the nitric acid solution of 
its alloys and in such as contain selenium, the amount may be a 
large part of the total present. 

Gold is attacked energetically by aqua regia. Large amounts of 
gold are dissolved with requirement of least attention when the pro- 
portion of hydrochloric acid is several times that of the aqua regia 
formula, (3HC1 : IHNOa). 

Gold is dissolved by solutions of chlorine or bromine, by alkaline 
thiosulphates; in the presence of free oxygen by iodine in potassium 
iodide solution, by soluble cyanides, by fused potassium or sodium 
hydroxide; by fused potassium or sodium nitrate or sulphide. In a 
finely divided state, it is dissolved by a solution of potassium or 
sodium hydroxide. 

Gold alloys quickly with molten lead. When in the form of bright, 
untarnished particles it alloys readily with mercury. 

Gold is always weighed in metallic state, and is determined most 
accurately in the form of the mass obtained by dilute nitric acid 
treatment of the silver alloy resulting from the operation of cupella- 
tion in the methotl of assaying by furnace processes. On account of 
tediousness in making complete separation from associated metals, 
and of uncertainty in collection of the product in a form suitable for 
accurate weighing, direct precipitation methods are never used for 
the valuation of gold-bearing material, but may be applied to the 
estimation of gold in plating baths, the Wohlwill parting electrolyte 
and solutions of similar type. 
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GRAVIMETRIC METHODS ‘ 

Precipitation of Gold. — From solutions of auric chloricie, slightly 
acid with hydrochloric, freed of oxidizing agents by evaporation and 
displacement with hydrochloric acid, and containing but little of the 
salts of the alkalis or alkali earths, gold is separated from other thfin 
occluded platinum and palladium by precipitation with oxalic acid, 
ferrous sulphate, or hydrazine hydrochloride. The reactions are 
hastened by heat. When salts of the alkalis or earths are present, 
equally good separation and more complete precipitation can be 
obtained by addition of excess of sodium peroxide, boiling vigorously 
for a few minutes and then acidifying with hydrochloric acid. The, 
precipitated metal is collected on an ashless filter paper, and after 
drying, weighed. 

Gold precipitated from a very w'eak solution is in such fine form 
that it is not wholly retained by the finest paper. 


Wet Gold Assay of Minerals 

A wet gold assay, suitable for prospector’s use, is carried out by 
covering one assay ton (29.17 grams), of the finely pulverized natural 
or roasted ore, in a porcelain mortar, with 50 cc. rof a solution of 2 
parts of iodine and 4 parts potassium iodide in 100 cc. of water. 
Sulphide ores should be roasted and digested with nitric acid before 
treatment with the iodine solution. Similar treatment is advanta- 
geously applied to all ores. The ore is ground in contact with the iodine 
solution and additions of the halogen arc made whenever the liquid 
becomes colorless. The solution is then allowed to stand at least an 
hour. To the filtrate and washings from the pulp, in a glass-stoppered 
bottle or flask, are added 5 grams of gold free mercury. The liquid 
is shaken vigorously with the mercury until clear. The mercury is 
then transferred to a small porcelain casserole, washed with clean 
water and dissolved by warming carefully with 10 cc. nitric acid. 
The gold mass is washed free of nitrate of mercury by decantation, 
dried and annealed by heating in a casserole over a. Bunsen flame, and 
the metal weighed. Each milligram represents an ounce per ton. 
Results obtained by this method of assaying are usually more than 
50 per cent of the actual gold content. 

Electrolytic Method.— The gold content of a cyanide plating 
bath containing no potassium ferrocyanide may be* estimated by 
electrolysis. 

Procedure. — A measured quantity, 25 to 50 cc. in a tared platinum . 
dish, is diluted to 1 cm. of the rim of the dish and using a carbon or 
platinum anode, electrolyzed for about three hours at a current density 

1 Gold is best determined by fire assay. See. chapter on the subject by 
L A. Palmer. 
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NDioo - 0.067 amp. (0.0043 per square inch.) Completion of deposi- 
tion is recignized by the lack of any deposit within fifteen minutes, on 
a platinum* strip suspended on the rim of the dish. The dish plus gold 
deposit is washed, rinsed with alcohol, dried at 100° C., and when cold 
weighed. 

The following is a summary of the conditions of deposition of 
gold in compact form as described by Classen. 3 grams potassium 
cyanide were added to a gold chloride solution containing 0.0545 
grams of gold in 120 cc. This solution heated to about 55° C. when 
electrolyzed at a current density of NDioo = 0.38 amp. (0.024 amp. 
per square inch) with a potential difference of 2.7-4.0 volts, deposited 
its gold content in one and a half hours. Time required for deposition 
is tripled if the electrolyte is at room temperature. 

Gold is removed from the platinum electrode by warming with a 
solution of chromic anhydride in a saturated salt solution, or with a 
solution of potassium cyanide containing some oxidizing agent as 
hydrogen peroxide, sodium peroxide or alkali persulphate. 
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VOLUMETRIC METHODS 

These methods arc applicable to the determination of the strength 
of chloride of gold solutions used in photography, electro gilding, and 
as electrolyte in the Wohlwill parting process. 

Preparation of the Sample. — Nitric acid or nitrates in the solutions 
should be removed by repeated evaporations to syrup with additiorj 
of hydrochloric acid saturated with chlorine. Free chlorine or bromine 
should be removed by addition of ammonia to formation of permanent 
precipitate, then making the solution very slightly acid ^^^th hydro- \ 
chloric acid and heating until the precipitate of fulminating gold 
dissolves. The gold solution should contain but little free hydrochloric 
acid, an excessive amount of which may be removed by ammonia. 

PERMANGANATE METHOD 

Weak gold solutions should be concentrated whenever possible. 
The permanganate method, which is not applicable when the sample 
contains organic matter, depends upon the titration, after complete 
precipitation of gold, of the unoxidized portion of a measured quantity 
of an added reagent of a known gold precipitating value. The reagent 
may be ammonium or potassium oxalate, ferrous sulphate or ferrous 
ammonium sulphate in solutions varying from 5 to 25 milligrams gold 
precipitating value and is titrated with a permanganate solution of 
approximately equal oxidizing strength. One part of gold requires 
for precipitation 1.08 of ammonium oxalate, 1.40 of potassium oxalate, 
4.22 of ferrous sulphate, 5.00 parts ferrous ammonium sulphate, each 
in crystalline form. The most satisfactory precipitations are made 
with the iron salts. The standard solution of either should contain 
about 0.1 per cent of sulphuric acid. One part of gold, in solution as 
auric chloride, has an oxidizing value equivalent to 0.4808 pait of 
potassium permanganate. 

The precipitating value of 0.2548 gram of dry Sorenson’s sodium 
oxalate is 250 milligrams of gold, and by titrating a solution of this 
amount of oxalate in 250 cc. of water, acidulated with a few drops of 
sulphuric acid, the oxidizing value of the perman|anate solution is 
obtained in terms of gold. • 

The value of the precipitating reagent and relative oxidizing value 
of the permanganate solution should be checked. 

Procediire.— In carrying out the determination of a gold solution, 
a measured or weighed portion is freed of oxidizing agents, a measured 
amount of the standard precipitating reagent added in slight excess 
of the amount required to decolorize the solution, and digestion on a 
steam bath or hot plate continued until the gold settles out, leaving * 
a clear liquid. A few drops of sulphuric acid may be then added 
and, without filtering, titration performed. The gold value of the 
quantity of reagent added, minus that found of the excess of reagent, 
is the gold content of the amount of the sample taken. 
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COLORIMETRIC METHODS 

Practical application of these methods is made in the estimation 
of gold in the liquors produced in the treatment of ores by the cyanide 
process. 


PRIESTER’S METHOD 

By Prister^s method a slight excess of copper solution is added to 
a 100 to 200-cc. portion of a cyanide solution in which the cyanide 
has been decomposed by boiling several minutes after acidifying with 
hydrochloric acid. Assurance of the presence of an excess of copper 
is made by spot test with a solution of potassium ferrocyanide. 

The copper solution is made by boiling for ten minutes in contact 
with copper shavings, a solution of 1 part blue vitriol and 2 parts 
salt in 10 parts of water, and adding a little acetic acid on cooling. 
A few drops of a 1 to 2% sodium sulphide solution are added, the 
liquid boiled for five minutes, the precipitate allowed to settle, and 
liquid separated by decantation on to a filter. The precipitate in 
the beaker and on the filter is dissolved with 2J to 3 cc. of a 3 to 5% 
solution of potassium cyanide to which a few drops of potassium 
hydrate solution has been added. 

Gold is precipitated from this cyanide solution (which may be 
turbid), by addition of 1 to 2 grams of zinc dust and warming to 
100° F. for half an hour. Liquid is separated by decantation through 
a filter. The residue on the filter and in the beaker is first treated 
with hydrochloric acid to dissolve zinc, then with 10 cc. aqua regia, 
the reagent being passed several times through the filter. Stannous 
chloride solution is then added to the liquid diluted to 20 cc. Com- 
parison of the coloration produced is made with that from a standard 
solution of gold treated in the same manner. 

CassePs Method. — By Cassel’s method 0.5 gram potassium, bromate 
is mixed with IJO to 50 cc. of the cyanide solution and concentrated 
sulphuric acid added gradually with constant agitation until reaction 
commences. When the reaction stops, saturated solution of stannous 
chloride is added dropwise until the liquid is just colorless. The tint 
produced is compared with that from a standard gold solution treated 
in the same manner. 

Moil’s Method. — By Moir's method a measured quantity of the 
cyanide solution is oxidized by addition of 1 to 2 grams of sodium 
peroxide and boiling. If sufficient sodium peroxide is present, the 
brown ^pot produced by addition of a few drops of lead acetate will 
immediately dissolve. The lead-aluminum couple formed by addi- 
tion of aluminum powder precipitates gold which is filtered off. To 
the aqua regia solution of the precipitate a solution of stannous 
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chloride is added drop by drop until the liquid is dissolved. The 
purple of Cassius tint developed is compared with permai»nt stand- 
ards composed of mixtures of solutions of copper sulphate and cobalt 
nitrate which have been adjusted to shades corresponding to those 
produced by known amounts of gold treated according to the method 
described.^ ^ 

i 

^ This chapter was contributed by Mr. W. G. Derby, Research Chemist, 
Nichols Copper (V)mpany. — The Editor has taken the liberty to make a few 
deletions and additions, rearranging some of the material. 
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HYDROGEN 

Properties. — A colorless, odorless, tasteless gas; at.wt. 1.008; 
sp.gr. 0.07; b.p. “252°C; m.p. -259° C. 

OCCURRENCE 

Hydrogen occurs free in small quantities in gases of volcanoes, 
and certain petroleum and gas wells; it occurs as a decomposition 
product in the decay of organic matter. It is found in traces in the 
atmosphere. It occurs chiefly combined with oxygen forming water. 

Hydrogen occurs occluded or loosely combined in steel and alloys 
in which it may be determined as follows: 

DETERMINATION OF HYDROGEN IN STEEL 

The method is based upon the oxidation of hydrogen liberated 
from steel by heat in presence of a current of oxygen. The water 
formed is absorbed and weighed. 

Procedure. — •Preliminary test. The apparatus is set up as shown 
in detail in Fig. 79. The heat is turned on and the oxygen gas 



passed through the silica tube I, heated to redness (850° C) at the 
rate of 100 pc. per minute, this rate having been established by a 
preliminary test noting the rate of bubbling through the acid in G 
and the pressure in C with the desired volume per minute. The 
gas is purified by passing through D, E, F, G and H, any hydrogen 
present being decomposed in the preheated tube D. Proceed now 
as follows : 

Allow the gas to pass through the, system for 5 to 10 minutes, 
disconnect the tube J after turning off the cocks ** a '' and “ b in 
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the order named. Place in the balance case for 5 minutes, then open 
and close “ b ” rapidly. The oxygen in J will be at ^mospheric 
preasure and at the temperature in the balance. Now weigh. Replace 
the tube again in the train, open the cocks “ a ” and “ b ” and con- 
tinue the flow of oxygen for another 10 minutes. If there is an in- 
crease in weight repeat the test a third time, noting the increase of 
weight during a 30 minute run. This is the blank that must be 
deducted from the regular run. It should not exceed 1 milligram. 

The Test — Place in a clay boat previously ignited in a current 
of oxygen, or in a platinum boat containing ignited alundum powder, 
10 to 30 grams of steel in as large pieces as possible (hydrogen is 



liberated by drilling bo that it is best to use the m’etal in strips or 
in a single piece). Insert the boat in the tube and quickly connect 
up the apparatus. 

on the oxygen at the rate of 100 cc. per minute and continue 
the flow for 30 minutes. Disconnect (after turning off cocks a"' 
and “ b ”) the absorption tube J. Place in balance case as before 
and equalise the pressure by opening the cock “ b ” for an instant. 
Weigh. The increase of weight, minus the blank, is due to the water 
formed. This weight multiplied by 0.111 gives the hydrogen of 
the sample. 


N^s. The blank is derived froin the oxidation of the rubber connections, 
and this should be determined and deducted from the regular run. 
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It is not necessary to bum all the metal to oxide to eliminate the hydrogen, 
A 30-minu*« run is sufficient. 

The FaOs is placed in the tubes interspersed with glass wool otherwise the 
tubes would pack, preventing the passage of the gas. 

Testing Gas Apparatus for Leaks. — Connections between the parts 
of the gas apparatus, stop cocks, etc., should be tight to avoid intake 
or loss of gas, thus causing an error. The following simple method 
for testing for leaks is applicable to apparatus for the volumetric 
determination of gas as well as testing the tightness of combustion 
trains. 

Procedure. — Close one end of the train. To the other attach a 
Hemple gas burette with two way stop cock and connected to a 
reservoir of water. Open the two way cock to the air and raise the 
reservoir until half of the gas in the tube is expelled. Now turn the 
cock to open a passage to the combustion train (or gas apparatus). 
Have the level of the water in the reservoir and the burette the same 
and note the exact reading. Now raise the reservoir about 10 inches, 
the gas will be under pressure. Lower the reservoir to its former 
position, levelling the water. If the level in the Hemple tube has 
risen an outward leak is indicated. See Fig. 80. 

Now lower the reservoir to the table and after a few minutes raise 
to the first position. After levelling the water as before note whether 
the level has dropped in the Hemple. If so the apparatus leaks under 
reduced pressure. 
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IODINE 

1, at.wt. 120.92; sp.gr. 4.948^^°; m.p. 113.5°; b.p. 184.4° C.; acids, HI, 

HIO, HlOa, HIO4 

OCCURRENCE 

The element is found free in some mineral waters; combined as 
iodides and iodates in sea water; in ashes of sea plants; small quan- 
tities in a number of minerals, especially in Chili saltpeter as sodium 
iodate, hence in the mother liquor from the Chilian niter works from 
which iodine is principally produced. Sea- weed ash (drift kelp, 
Laminaria digitata and L. stcnophylla) is an important source of 
iodine. 

Free iodine, potassium iodide, iodoform, are the principal commer- 
cial products. 

DETECTION 

The element may be recognized by its physical properties. It is 
a grayish black, crystalline solid, with metallic luster, brownish-red 
in thin layers. It vaporizes at ordinary temperatures with charac- 
teristic odor. Upon gently heating the element the 'vapor is evident, 
appearing a deep blue when unmixed with other gases, and violet 
when mixed with air. It colors the skin brown. Chemically it be- 
haves very similarly to chlorine and bromine. 

Free iodine colors water yellow to black, carbon disulphide violet, 
ether or chloroform a reddish color, cold starch solution blue. 

Tannin interferes with the usual tests for iodine, unless ferric 
chloride is present. 

Iodide. — The dry powder, heated with concentrated sulphuric acid, 
evolves violet fumes of iodine. Iodine is liberated from iodides by 
solutions of As^ Sb^ Bi^ Cu", Fe'", Cr^ HjFeCCN)#, ITNOj, Cl, 
Br, H 2 O 2 , ozone. 

Insoluble iodides may be transposed by treatment with H 2 S, the 
filtered solution being tested for the halogen. 

Iodate. The acidulated solution is reduced by cold solution of SO2, 
or K4Fe(CN)6, (acidulated with dilute H2SO4), or by CU 2 CI 2 , HaAsOa, 
l!eS 04 , etc. An iodate in nitric acid may be detected by diluting 
the acid with water, adding starch solution, then hydniogen sulphide 
water, drop by drop, a blue zone forming in presence of the substance. 

SUGGESTION FOR STUDENTS 

The beginner should study sections on “ Preparation and Solution of 
the Sample,*^* and “Separations.’* Determine the iodine in a sample 
of potassium iodide by the gravimetric silver iodide method and by 
the volumetric method of Fresenius, pages 292, 293. 
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GRAVIMETRIC METHODS FOR DETERMINING IODINE 

Preparation and Solution of the Sample 

In dissolving the substance it will be recalled that free iodine is 
soluble in alcohol, ether, chloroform, glycerole, benzole, carbon disul- 
phide, solutions of soluble iodides. One hundred cc. of water at 1 1° C. 
is saturated with 0,0182 gram iodine, at 55° with 0.092 gram. 

Minerals. — Phoaphaies. — The substance is decomposed by digestion 
with 1 : 1 sulphuric acid in a flask through which a current of air 
passes to sweep out the iodine vapor into a solution of potassium 
hydroxide, the sample being boiled until all the iodine vapors have 
been driven into the caustic, lodates are converted to iodides by 
reduction with sulphurous acid. 

With the iodine content below 0.02%, a 50 to 100-gram sample 
should be taken. 

Iodides of silver, copper (cuprous), mercury (mercurous), and lead 
are insoluble, also Til, Pdl 2 . Iodides of other metals are soluble; 
those of bismuth, tin, and antimony reciuire a little acid to hold 
them in solution. 

lodates of silver, barium, lead, mercury, bismuth, tin, iron, 
chromium require more than 500 parts of water at 15° C. to hold 
them in solution.* lodates of copper, aluminum, cobalt, nickel, man- 
ganese, zinc, calcium, strontium, magnesium, sodium, and potassium 
are more soluble. One hundred cc. of cold water dissolves 0.00386 
gram AglOs and 0.000035 gram Agl at ordinary temperatures. 

Free Iodine (Commercial Crystals). — Iodine is best brought into 
solution in a strong solution of potassium iodide according to the 
procedure described for standardization of sodium thiosulphate under 
Volumetric Methods. The iodine is now best determined volumetri- 
cally by titration with standard thiosulphate or arsenic. 

Separation of Iodine from the Heavy Metals. — The heavy metals 
are precipitated as carbonates by boiling with solutions of alkali 
carbonates, the soluble alkali iodide being formed. 

Iodine is liberated from combination by nitrous acid. 

Silver iodide may be decomposed by warming with metallic zinc 
and sulphuric acid. 
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PRECIPITATION AS SILVER IODIDE 

The procedure is practically the same as that described for deter- 
mining chlorine. 

Silver nitrate solution is added to the iodide solution, slightly 
acidified with nitric acid. The precipitate is filtered into a weighed 
Gooch crucible, then washed, dried, gently ignited, and weighed as 
silver iodide. 

Agl X 0.5406 = I or X 0.7071 = KI. 

DETERMINATION OF IODINE AS PALLADOUS IODIDE 

This method is applicable for the direct determination of iodine 
in iodides in presence of other halogens. 

The method of isolation of iodine as the palladous salt has been 
given under Separations. The salt dried at 100° C. is weighed as Pdl 2 . 

Pdls X 0.704 = I. 

Pdl 2 ignited in a current of hydrogen is changed to metallic 
palladium. 


Pd X 2,379 = 1. 
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VOLUMETRIC METHODS 

DETERMINATION OF HYDRIODIC ACID IN SOLUBLE IODIDES 

Free hydriodic acid cannot be determined by the usual alkalimetric 
methods for acids. The procedure for its estimation, free ^ or com- 
bined as a soluble salt, depends upon the liberation of iodine and its 
titration with standard sodium thiosulphate, in a neutral or slightly 
acid solution; or by means of standard arsenious acid, in presence of 
an excess of sodium bicarbonate in a neutral solution. The following 
equations represent the reactions that take place: 

I. Thiosulphate. 2Na2S20a + I 2 = 2NaI + Na2S406. 

II. Arsenite. NasAsOa + I 2 + H 2 O * Na 3 As 04 + 2HL 

The free acid formed in the second reaction is neutralized and 
the reversible reaction thus prevented : 

HI + NaHCOa = Nal + H 2 O + CO 2 . 

The presence of a free alkali is not permissible, as the hydroxyl ion 
would react with iodine to form iodide, hypoiodite and finally iodate, 
hence sodium or potassium carbonates cannot be used. Alkali bi- 
carbonates, howevjsr, do not react with iodine. 

Standard Solutions. — Tenth Normal Sodium Thiosulphate, — From 
the reaction above it is evident that 1 gram molecule of thiosulphate 
is equivalent to 1 atom iodine - 1 atom hydrogen, hence a tenth nor- 
mal solution is equal to one-tenth the molecular weight of the salt 
per liter, e.g., 24.82 grams Na2S203.5H20; generally a slight excess 
is taken — 25 grams of the crystallized salt. It is advisable to make 
up 5 to 10 liters of the solution, taking 125 to 250 grams sodium 
thiosulphate crystals and making up to necessary volume with distilled 
water, boiled free of CO 2 . The solution is allowed to stand a week 
to ten days, and then standardized against pure, resublimed iodine. 

About 0.5 gram of the purified iodine is placed in a weighing bottle 
containing a knojvn amount of saturated potassium iodide solution 
(2 to 3 grams of KI free from KIO3 dissolved in about 0.5 cc, of H2O), 
the increased weight of the bottle, due to the iodine, being noted. 
The bottle and iodine are placed in a beaker containing about 200 cc. 
of 1 % potassium iodide solution (1 gram KI per 100 cc.), the stopper 
removed with a glass fork and the iodine titrated with the thiosulphate 
to be standardized. 

Calculation. — The weight of the iodine taken, divided by the cc. 
thiosulphate required, gives the value of 1 cc. of the reagent; this 
result divided by 0.012692 gives the normality factor. 

Note. The thiosulphate solution may be standardized against iodine, 
which has been liberated from potassium iodide in presence of hydrochloric acid 

^ Convert to alkafi salt. 
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by a known amount of standard potassium bi-iodate, a salt which may be ob- 
tained exceedingly pure. 

KIO3 HIO3 + lOKI + llHCl = llKCl + 6H2O + 6I2. 

A tenth normal solution contains 3.2496 grams of the pure salt per liter. 
(One cc. of this will liberate 0.012692 gram of iodine from potassium iodide.) 
The purity of the salt should be established by standardizing against thiosul- 
phate, which has been freshly tested against pure resubliined iodine. 

About 6 grams of potassium iodide (free from iodate) are dissolved in the 
least amount of water that is necessary to effect solution, and 10 cc. of dilute 
hydrochloric acid (1 : 2) are added, and then 50 cc. of the standard bi-iodate 
solution. The solution is diluted to about 250 cc. and the liberated iodine tir 
trated with the thiosulphate reagent; 50 cc. will be required if the reagents are 
exactly tenth normal. 

Tenth Normal Arsenite. — From the second reaction above it is 
evident that AS 2 O 3 is equivalent to 2 I 2 , e.g., to 4H, hence J the gram 
molecular weight of arsenious oxide per liter will give a normal solu- 
tion: 198 T- 4 = 49.5. 

4.95 grams of pure arsenious oxide is dissolved in a little 20% 
sodium hydroxide solution, the excess of the alkali is neutralized with 
dilute sulphuric acid, using phcnolphthalein indicator, the solution 
being just decolorized. Five hundred cc. of distilled water contain- 
ing about 25 grams of sodium bicarbonate arc added. If a pink color 
develops, this is destroyed with a few drops of weak sulphuric acid. 
The solution is now made to volume, 1000 cc. The reagent is stand- 
ardized against a measured amount of pure iodine. The oxide may 
be dissolved directly in sodium bicarbonate solution. 

Note. Commercial arsenious oxide is purified by dissolving in hot hydro- 
chloric acid, filtering the hot saturated solution, cooling, decanting off the 
mother liquor, washing the deposited oxide with water, drying and finally 
subliming. 

Starch Solution. — Five grams of soluble starch are dissolved in 
cold water, the solution poured into 2 liters of hot water and boiled 
for a few minutes. The reagent is kept in a glass-stoppered bottle. 

The addition of a few cc. of 5% NaOH, then heating to boiling 
and filtering will preserve the starch, , 


DECOMPOSITION OF THE IODIDE BY FERRIC SALTS 

The method takes advantage of the following reaction: 

FeCSOOs + 2KI = K 2 SO 4 + I 2 + 2 FeS 04 . • 

The procedure enables a separation from bromides, as these are 
not acted upon by ferric salts. 

Procedure. — To the iodide in a distillation flask is added an excess 
of ferric ammonium alum, the solution acidified with sulphuric acid, 
then heated to boiling, and ^ the iodine distilled into a solution of 
potassium iodide. The free iodine in the distillate is titrated with 
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standard thiosulphate, or by arsenious acid in presence of an excess 
of sodium bicarbonate. 

The reagent is added from a burette until the titrated solution 
becomes a pale yellow color. About 5 cc. of starch solution arc now 
added and the titration continued until the blue color of the starch 
fades and the solution becomes colorless. 

One cc. of tenth normal reagent = 0.012692 gram iodine, equivalent 
to 0.012793 gram HI, or 0.016602 gram KI. 

DECOMPOSITION OF THE IODIDE WITH NITROUS ACID 
(FRESENIUS) 

Nitrous acid reacts with an iodide as follows: 

2 HNO 2 + 2HI = 2NO + 2 H 2 O + I 2 . 

Since neither hydrochloric nor hydrobromic acids are attacked by 
nitrous acid, the method is applicable to determining iodine in presence 
of chlorine and bromine ; hence is useful for determining small amounts 
of iodine in mineral waters containing comparatively large 
amounts of the other halogens. 

Nitrous Acid. — The reagent is prepared by passing 
the gas into strong sulphuric acid until saturated. 

Procedure. — The neutral or slightly alkaline solution of 
the iodide is placed in a glass-stoppered separatory funnel, 

Fig. 81, and slightly acidified with dilute sulphuric acid. A 
little freshly distilled colorless carbon disulphide (or chloro- 
form) is added, then 10 drops of nitrous acid reagent. 

The mixture is well shaken, the disulphide allowed to 
settle, drawn off from the supernatant solution and saved 
for analysis. The liquor in the funnel is again extracted 
with a fresh portion of disulphide and if it becomes dis- 
colored it is drawn off and added to the first extract. 

If the extracted aqueous solution appears yellow, it must 
be again treated with additional carbon disulphide until all 
the iodine has been removed (e.g., until additional CS 2 is 
no longer colored when shaken with the solution). The 
combined extracts are washed with three or four portions of water, 
then transferred to the filter and again washed until free from acid. 
A hole is made in the filter and the disulphide allowed to run into 
a small beaker and the filter washed down with about 5 cc. of water. 
Three cc. of sodium bicarbonate are added and the iodine titrated 
with N/20 or N/50 standard thiosulphate, the reagent being added 
until the reddish-violet carbon disulphide becomes colorless. 

The sodium thiosulphate used is standardized against a known amount 
of pure potassium iodide treated in the manner described above. 

One cc. N/20 Na 2 S 203 = .00635 cram I, 1 cc. N/50 Na2S20i 
“ .002538 gram 1. 



Fig. 81 
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VOLHARD»S METHOD 

The solution of the iodide, placed in a glass-stoppered flask, is 
diluted to about 300 cc. and standard silver solution added with vigorous 
agitation until the yellow precipitate collects and the supernatant 
solution is no longer cloudy — a slight excess of silver solution is add^d 
and the excess titrated with standard potassium thiocyanate as l^n 
case of the determination of chlorine, using ferric alum as indicatoi^ 
See chapter on chlorine. i 


INDUSTRIAL PRODUCTS AND RAW MATERIALS 
Determination of Iodine in Mineral Waters and Brines 

The following procedure is given by W. F. Baughman and 
W. W. Skinner. 

Take such a fiuantily of the brine or water as will contain not 
more than 0.1 g. iodine as iodide or more than 10 g. total salts. Adjust 
the volume to 100 cc. to 150 cc. and boil it with a sufficient amount 
of sodium hydroxide and sodium carbonate to precipitate the calcium 
and magnesium. Filter off the precipitate and wash with hot water. 
Introduce the filtrate into an Erlcnmeyer flask, adjifst the volume to 
about 100 cc., neutralize with dilute sulphuric acid, and add 1 cc. 
of a solution of sodium hydroxide (4 g. per 100 cc.). Heat to boiling, 
add an excess of potassium permanganate, continue the heating until 
the precipitate begins to coagulate, and then allow to cool. Add suf- 
ficient alcohol to cause the permanganate color to disappear and allow 
the precifutate to settle on the steam bath. Filter and wash with 
hot water. After cooling, add one or two grams of potassium iodide, 
acidify with hydrochloric acid, and titrate with standard thiosulphate. 
The number of cc, rocpiircd, divided by 6, represents the number of 
cc. required by the iodine in the sample. 
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IRIDIUM 

Element, Iridium. Ir. at.wt. 193.10; sp.gr. 22.3; m.p. 2360*’ C.7 
oxides, IrOj, ItsOs 

Iridium is a grayish white, brittle metal. Hardness 6-7. Infusible 
and insoluble in all acids. Attacked by chlorine gas. Substances in 
which iridium is determined are: platinum scrap, jewelers’ sweeps, 
contact points, ores. Iridium is weighed as the metal. 

OCCURRENCE 

In platinum ores and in gold sands. Generally alloyed with 
platinum. 


DETECTION 

Iridium is found associated with platinum. The element is in- 
soluble in all acid^i, including aqua regia. (Milorinc is the best reagent. 
I'his forms the chlorides of iridium and yields compounds with other 
chlorides as K-iIrClr,, which is insoluble. If the element is heated in 
a stream of chlorine in the presence of potassium chloride there forms 
a salt, K-IrCle, which is sparingly soluble and is used in the separation 
of iridium. 

The oxide, IraOj is formed when K 2 lrCle is mixed with sodium 
carbonate and gently fused at a dull red heat. 

2K2lrCl6 + 4 Na 2 C 03 « Ir-^Oa + 8NaCl + 4KC1 + 4C()2 + 0. 

The fusion is dissolved in water containing ammonium chloride; the 
residue is separated from the extract by filtration and ignited to expel 
the ammonium chloride. It is now treated with dilute acid in order to 
remove the small quantity of alkali. A bluish-black powder is thus 
obtained which begins to decompose when heated above 800 degrees, 
and at temperatures somewhat above 1000 degrees is completely 
broken up into oxygen and the metal. 

The dioxide, I() 2 , is a black powder obtained by heating the hy- 
droxide in a current of carbon dioxide. It is insoluble in acids. 

Caustic Alkalies produce in a boiling solution a dark-blue pre- 
cipitate of Ir(OH )4 insoluble in all acids except HCl. 

Potassium chloride forms the double salt of K 2 lrCl 6 , which is 
black and is difficultly soluble in water. 

Ammonium chloride precipitates black (NH 4 ) 2 lrCl«, which is 
difficultly soluble in water. 
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Hydrogen sulphide precipitates black IraSs, soluble in (NH 4 ) 2 S. 

Metallic 2inc precipitates from an acid solution black metallic 
iridium. 

Formic acid and sulphurous acid precipitate black metallic iridium 
from hot solutions. 

Lead acetate gives a gray-brown precipitate. 

Potassimn and sodium carbonate give a black precipitate and the 
solution being highly oxidized on cooling is a nice blue or violet blue. 

When an iridium salt is heated with concentrated sulphuric acid 
and a small amount of silver nitrate is added, there forms a gorgeous 
blue color by which 1/1000 of a milligram of iridium may be 
detected. With the presence of HCl and an addition of NH4CI and 
NH4NO3, a rose-red color forms. The reaction is likewise very sharp. 
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METHODS FOR DETERMINING IRIDIUM 

Preparation and Solution of the Sample 

Platinum scrap and contact points, etc., containing iridium dissolve 
with difficulty in aqua regia, depending on the amount of iridium 
present. The alloy is dissolved more quickly if it is rolled or ham- 
mered to a very thin sheet or ribbon. The alloy of platinum and 
iridium with an iridium content up to 10% dissolves in aqua regia 
slowly; an alloy of iridium content of 15% dissolves in aqua regia 
very slowly and the aqua regia will likely have to be replenished from 
time to lime. An alloy of 25% iridium is practically insoluble in 
aqua regia. The filings from sweeps, etc., can be dissolved by aqua 
regia the same as the scrap. After expelling the HNOa the platinum 
and the iridium are precipitated together with NII4CI as (NH 4 ) 2 PtCl 6 
and (NHjlalrCJe. When the precipitate is ignited to metal it forms 
an alloy of platinum and iridium. The iridium imparts a pinkish to a 
scarlet color to the salt. 

If the iridium content is too high to be dissolved in aqua regia the 
metal can be mixed with NaCI, heated to a dull red heat in a porcelain 
or silica tube, and moist chlorine passed over the mixture. The iridium 
will be in the fqrm of a chloride which dissolves in water. After 
filtering the solution and evaporating with HCl, the iridium as well 
as the platinum is precipitated with NII4CI or H2S. This is a con- 
venient way on a larger scale to dissolve osmiridium in ores. 

When the iridium is contaminated with a large amount of im- 
purities, it may be reduced from the solution with zinc, and the im- 
purities dissolved by HNO3 and dilute aqua regia; the residue is 
washed and dried as iridium. 

Clean osmiridium grains are also brought into solution by a fusion 
of KNO3, NaNOa or KCIO3 and NaOH or KOH, leaving the iridium 
as Ir 20 s. . 

Separation of Iridiiun from Platinum. — See Separation of Pt.from Ir. 

If the plaliiuim and iridium are alloyed with at least ten times 
their weight of silver and the alloy dissolved in HNO3, the silver and 
the platinum dissolve, leaving the iridium insoluble. After washing 
the residue, treat with a small amount of dilute aqua regia to dissolve 
any platinum that may be present. 

Separation from Osmium. — Osmium is removed by distillation. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION 
OF IRIDIUM 

1. By Reduction with Zinc 

The solution of iridium or iridium and platinum is treated with * 
C.P. granulated zinc and 5 % free HCl. The iridium and the platinum \ 
are precipitated as fine black metal. The black metal is washed free 
from impurities and the platinum insoluble portion is dried, ignited, 
reduced with hydrogen and weighed as metallic iridium. 

2. By Igniting the Salt (NH^) .IrCL, 

The percentage of iridium in the salt may be judged fairly well by 
the color, by comparing with standard iridio-platinurn salts. The sait 
is filtered, washed with alcohol and carefully ignited and weighed as 
iridio-platinurn sponge metal. The percentage of iridium in the 
sample can be calculated from the w'eight of the iridium obtained. 
The two metals are now digested at about 40 or .50° C. in aqua regia, 
diluted with about five times its weight of water — the aqua regia 
being renewed until it is no longer colored. The residue is pure 
iridium. , 

3. By Obtaining it as a Residue 

The iridium and the platinum, etc., are alloyed with at least ten 
times their weight of silver and the alloy dissolved in HNOs. The 
residue will be a small amount of platinum, gold, if any present, and 
iridium. Add a small amount of dilute aqua regia, which will dissolve 
the gold and the rest of the platinum, leaving the iridium as a black 
residue. This is filtered, washed and ignited and weighed as metallic 
iridium. 

One part of the iridium material is alloyed with eight. parts of 
lead. This is packed in a graphite capsule, and the whole embedded 
in charcoal in an ordinary assay crucible. Heat to a high temperature 
in a furnace for several hours. When the crucible and contents are 
cold, remove the lead and clean well. Treat the lead with dilute 
HNO 3 , thus removing the lead and leaving the iridium as the residue. 
Wash thoroughly and treat the residue with dilute aqua regia, which 
leaves the residue as pure iridium. If other metals of the platinum 
group are present, see separations under those metals.^ * 

* This chapter was compiled by Mr. R. E. Hickman, Consulting Chemist, 

J. Bishop A Co. Platinum Works. 
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IRON 

Fe, at.wt. 56.84; sp.gr. 7.85-7.88; m.p. pure 1630°, wrought 1600°, white 
pig 1076°, gray pig 1276°, steel 1376°; b.p. 2450° C.; oxides 
FeO, Fe 203 , Fea 04 

OCCUfeRENCE 

Iron occurs so widely diffused in nature that its determination is 
necessary in practically all complete analysis of ores, rocks, minerals 
and especially in the evaluation of ores of iron, such as the oxides — 
red and brown hematite, black magnetite; the sulphides iron pyrites 
and pyrrhotite; the carbonates such as spatic iron ore, combined with 
clay in clay ironstone with bituminous material as “ black band.” 
Iron is determined in cinders and in iron ore briquettes from burned 
iron pyrites, by-products of sulphuric acid. It is looked for as an 
impurity in a large number of commercial salts and in the mineral 
acids. 

Minerals. — Ferric oxide with varying amounts of water forms 
the substances kjiown as hematite, gothite, limonite, yellow ochre, 
bog iron ore. Among the very large number of minerals of iron known 
we will take up a few of the more important: 

Native Iron — Fe, found sparingly in eruptive rocks usually in 
small grains; masses from size of a walnut to thousands of pounds 
occur in basalt; most meteorites are either alloys of iron and nickel 
or contain these. The mineral is opaque, steel gray to iron black 
substance, tough and malleable, magnetic, soluble in acids giving a 
yellow colored solution when dissolved in hydrochloric acid containing 
a little nitric acid. Streak is a metallic gray; hardness 4-5. 

Pyrrhotite j Magnetic Pyrites Fe„Sn-fi = FesS? to FeiiSi 2 , a massive 
bronze yellow to red metallic mineral; magnetic; opaque; brittle; 
grayish black stxeak; hardness 3. 5-4. 5. Distinguished from pyrite, 
bornite and niccolite by its magnetic property. 

Pyrite^ Iron Pyrites, FooUs Gold, a brass colored, metallic, 
brittle, opaque mineral, frequently with cubic or other isometric 
crystalline form or variable; streak greenish-black; hardness 6-6.5. 

Marcasitef White Iron Pyrites, FeS 2 distinguished from pyrite by 
crystalline fortn (orthorhombic), cleavage, and slighter effect of oxidiz- 
ing agents. 

Hematite , Specular Iron, Red Iron Ore, FeaOa, black, dark red to 
cherry-red, opaque, brittle (unless micaceous), mineral with metallic 
to dull lustre; streak brownish-red to cherry-red; hardness 5.5-6.5. 

Magnetite, Lodestone, Magnetic Iron Ore, FesOs.FeO, a black, 
opaque, brittle, metallic to submetallic mineral which gives a black 
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streak, magnetic or strongly attracted by magnet. Loose to compact 
coarse or fine grained masses. Insoluble in nitric acid, but dissolves 
in hydrochloric. 

Limoniit^ Brown Hematite, Bog-Ore, Fc 2 (OH) 6 .^ 6203 , frequently 
quite impure from sand clay, etc., a loose, porous earthy ochre of 
brown to yellow color, opaque, dull lustre, or compact varieties with 
silky lustre; streak yellowish-brown; hardness 5-5.5. 

Siderile, Spatic Ore, FeCOa, a gray, yellow, brown or black, opaque 
to translucent, brittle mineral with vitreous to pearly lustre, occurring 
in granular masses or masses with rhombohedral cleavage, hexagonal 
crystals. Varieties — Blackband, Clay Ironstone, Spherosiderite. 
Hardness 3.5-4. 

Other Minerals of Iron Chalcopyrite, CuFeS 2 ; Arsenopyrite, FeAsS; 
llmenitc, FeTiOa*, Chromite, FeO CraOa; Gothite, FeaOa II 2 O; Almandite, 
Fe 8 Al 2 (Si 04 ) 3 ; Andradite, Ca 8 Fe 2 (Si 04 ) 8 ; Columbite, Tantalite, (Fe Mn) 
(Nb.7''a)20e; Wolframite, (Fe Mn)W 04 ; Ilyperstherie, Acmite, Anthophyl- 
lite, Glaucophane, Riebeckitc, Crocidolite, Greenalite, llvaite, Staurolite, 
Triphylite, Copiapite, etc. 


DETECTION 

The material is dissolved in sulphuric, hydrochloric or hydrochloric 
nitric acids. It is not necessary to effect complete solution to detect 
iron in the substance. 

Ferric Iron, — The yellow to red color in rocks, minerals, and soils 
is generally due to the presence of iron. 

Hydrochloric acid solutions of iron as ferric chloride are colored 
yellow. 

Potassium or ammonium sulphocyanate produces a red color with 
solutions containing ferric iron. Nitric acid and chloric acid also 
produce a red color with potassium or ammonium sulphocyanate. 
This color, however, is destroyed by heat, which is not the case with 
the iron compound. The red color of ferric iron with the cyanate is 
destroyed by mercuric chloride and by phosphates, borates, certain 
organic acids, and their salts, e.g., acetic, oxalic, tartaric, citric, race- 
mic, malic, succinic, etc. 

Potassium ferrocyanide, K4Fe(CN)6, produces a deep blue color 
with ferric salts. 

Salicylic acid added to the solution of a ferric salt containing no 
free mineral acid gives a violet color. Useful for detecting iron in 
alum and similar products. 

Ferrous Iron. — Potassium Ferricyanide, K3Fe(CN)6, gives a blue 
color with solutions of ferrous salts. 

Distinction between Ferrous and Ferric Salts. 

KCNS gives a red color with Fe'" and no color with Fe". 

KsFe(CN)e gives a blue color with Fe" and a brown or green with 
Fe'". 
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NH4OH, NaOH or KOH precipitates red Fc(OH)8 with Fe'" and 
white, Fe(OH )2 with Fe" turning green in presence of air due to 
oxidation. The green product is a hydrate of Fe 304 . The white pre- 
cipitate can be obtained in the absence of air, or by using sulphur 
dioxide gas to take up the oxygen in the solution. 

Sodium peroxide produces a reddish-brown precipitate of Fe(OH )3 
with either ferrous or ferric salt solutions, the former being oxidized 
to the higher valence by the peroxide. Chromium and aluminum re- 
main in solution, if present in the sample. 

SUGGESTION FOR STUDENTS 

Read the sections on ^‘Preparation and Solution of the Sample'' and 
“Separations.” Read the introductory paragraphs to the volumetric 
procedures. Determine iron in a sample by the Dichromate and by 
the Permanganate methods, using the methods recommended for 
students. 
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METHODS FOR DETERMINING IRON 

Preparation and Solution of the Sample 

The material should be carefully sampled and quartered down 
according to the general procedure for sampling. Ores should be 
ground to pass an 80 mesh sieve. In analysis of metals, both the 
coarse and fine drillings are taken. 

The following facts regarding solubility should be remembered: 
The element is soluble in hydrochloric acid and in dilute sulphuric 
acid, forming ferrous salts with liberation of hydrogen. It is insoluble 
in concentrated, cold sulphuric acid, but is attacked by the hot acid, 
forming ferric sulphate with liberation of SO 2 . Moderately dilute, 
hot nitric acid forms ferric nitrate and nitrous oxide; the cold acid 
gives ferrous nitrate and ammonium nitrate or nitrous oxide or hy- 
drogen. Cold, concentrated nitric acid forms “ passive iron," which 
remains insoluble in the acid. Thf* oxidcfi of iron are readily soluble 
in hydrochloric acid, if not too strongly ignited, but upon strong 
ignition the higher oxides dissolve with extreme difficulty. They are 
readily soluble, however, by fusion with acid potassium sulphate 
followed by an acid extraction. Silicates are best dissolved by hot 
hydrochloric acid containing a few drops of hydrofluoric acid or by 
fusion with sodium and potassium carbonates, followed by hot hydro- 
chloric acid. • 

Soluble Iron Salts. — Water solutions are acidified with HCl or 
H2SO4, so as to contain about 3% of free acid. 

Ores. — The samples should be pulverized to pass an 80 to 100 
mesh sieve. 

Sulphides, Ores Containing Organic Matter. — One to r)-gram 
samples should be roasted in a porcelain crucible over a Bunsen flame 
for about half an hour, until oxidized. The oxide is now dissolved as 
directed in the following procedure. 

Oxides, Including Red and Brown Hematites, Magnetic Iron Ore, 
Spatose Iron Ore, Roasted Pyrites, and Iron Ore Briquettes. — One 
to 5 grams of the ore, placed in a 400 cc. beaker, is dissolved by adding 
twenty times its weight of strong hydrochloric acid with a few drops of 
5% stannous chloride solution. Addition of 4 or 5 drops of HF is 
advantageous if small amounts of silica are present. The solution is 
covered with a watch-glass and heated to 80 or 90° C. until solution 
is complete. Addition of more stannous chloride may be necessary, 
as this greatly assists solution. An excess sufficient to completely 
decolorize the solution necessitates reoxidation with hydrogen peroxide, 
hence should be avoided. If a colored residue remains, it should be 
filtered off, ignited and fused with a mixture of Na 2 C 03 and K 2 COa 
in a platinum crucible. The fusion dissolved in dilute HCl is added 
to the main filtrate. 

Note. The ore placed in a porcelain boat in a red-hot combustion tube 
may be reduced with hydrogen (taking precaution first to sweep out oxygen 



METALLURGICAL ANALYSIS 306 

with CO 2 ) and after cooling in an atmosphere of hydrogen the reduced iron 
may be dissolved in acid and titrated. 

Iron Silicates. — One to 5 grams of the material, placed in a deep 
platinum crucible, is treated with ten times its weight of 60% HF 
and 3 to 4 drops of cone. H2SO4. The mixture is evaporated to near 
dryness on the steam bath and taken up with dilute sulphuric acid 
or hydrochloric acid. The latter acid is the best solvent for iron. 

Fusion with Potassium Bisulphate. — The sample is mixed with ten 
times its weight of the powdered bisulphate and 2-3 cc. of concen- 
trated sulphuric acid added. A porcelain or silica dish will do for 
this fusion. The fusion should be made over a moderate flame and 
cooled as soon as the molten liquid becomes clear. Complete ex- 
pulsion of SO3 should be avoided. It may be necessary to cool and 
add more concentrated sulphuric acid to effect solution. Iron and 
alumina completely dissolve, but silica remains undissolved. The melt 
is best cooled by pouring it on a large platinum lid. 

Fusion with Carbonates of Sodium and Potassium. — The residues 
insoluble in hydrochloric acid are fused with 5 parts by weight of the 
fusion mixture (Na 2 C 03 + K2CO3) in a platinum crucible. The 
M6ker blast will be necessary. When the effervescence has ceased 
and the melt has become clear, the crucible is removed from the flame, 
a platinum wire inserted and the melt cooled. Upon gently reheating, 
the fuse may be readily removed by the wire in a convenient form for 
solution in dilute hydrochloric acid. 

The bisulphate fusion is recommended for fusion of residues high 
in iron and alumina. It is an excellent solvent for ignited oxides of 
these elements. The carbonate fusions are adapted to residues con- 
taining an appreciable amount of silica. 

Iron and steel are best dissolved in hydrochloric acid with a few 
drops of nitric acid. The iron hydroxide should be precipitated or 
the solution taken to dryness to expel the nitric acid followed by reso- 
lution in ^lute hydrochloric acid or sulphuric acid. 
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METHODS FOR ISOLATING IRON 

General Procedure. — In the usual course of analysis silica is re- 
moved by evaporating the acid solution to dryness, taking up with 
water and filtering. Mercury, lead, bismuth, copper, cadmium, ar- 
senic, antimony, tin, molybdenum and other elements precipitated 
from an acid solution as sulphides are removed as such by filtration 
and iron, after oxidation to the ferric state, is precipitated as Fe(OH)3. 
In the majority of cases it may now be determined with accuracy by 
titration. 

Special Cases. — Separation of iron, where necessary in special cases, 
may be accomplished according to details given in the chapters dealing 
with the elements from which a separation is desired. 

Ether Method for Removing Iron from a Solution. — Ferric chloride 
dissolved in HCl (sp.gr. 1.1) is more soluble in ether than in this acid. 
Advantage is taken of this fact when it is desired to remove a greater 
portion of the iron in determining copper, nickel, cobalt, chromium, 
vanadium and sulphur (as H2SO4) in steel. The hydrochloric acid 
solution of iron, etc., is evaporated to a syrupy consistency and then 
taken up with HCl (sp.gr. 1.1) and transferred by means of more of 
the acid to a separatory funnel. The cold acid solution is now ex- 
tracted several times by .shaking with ether, each .time allowing the 
ether carrying the iron to separate before drawing off the lower layer 
for re-extraction. Three extractions are generally sufficient for re- 
moving the iron. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION 
OF IRON 

The gravimetric determination of iron may be made from solutions 
practically free from other metals. A number of elements such as 
phosphorus, arsenic, molybdenum, tungsten, vanadium, and the like, 
form fairly stable compounds with iron in neutral or slightly alkaline 
solutions, whereas others, such as lead, copper, nickel, cobalt, sodium, 
and potassium may be occluded in the ferric hydrate precipitate and 
are removed only with considerable difficulty. Aluminum, chromium, 
and several of the rare earths are precipitated with iron, if present. 
These facts taken into consideration, the volumetric methods are 
generally preferred as being more rapid and trustworthy. 


DETERMINATION OP IRON AS Fe208 

Iron is precipitated as the hydroxide and ignited to the oxide, 
Fe203. 

Reactions. FeCl., + 3NH4OH « Fe(OH)3 + 3NH4CI. 

2 Fe(OH )3 + heat - FczOa + 3H2O. 

Procedure. — One gram, sample, or a larger amount of material if 
the iron content is low, is brought into solution with hydrochloric 
acid, aqua regia, or by fusion with potassium carbonate or potassium 
acid sulphate, as the case may require. Silica is filtered off and the 
acid solution treated with H2S if members of that group are present. 
The filtrate is boiled to expel H2S and the iron oxidized to ferric con- 
dition by boiling with 5 cc. of concentrated nitric acid. 

Absence of Aluminum and Chromium. — About 1 gram of ammo- 
nium chloride salt or its equivalent in solution is added, the volume 
made to about 200 cc. and ammonium hydroxide added in slight ex- 
cess to .precipitate Fe(OH)3. The solution is boiled for about five 
minutes, and filtered. 

If Aluminum and Chromium are Present. — In place of ammonium 
hydroxide powdered sodium peroxide is added in small portions until 
the precipitate first formed clears, the solution being cold and nearly 
neutral. It is diluted to about 300 cc. and boiled ten to fifteen min- 
utes to precipitate the iron. Aluminum and chromium are in solu- 
tion. (Mn will precipitate with Fe, if present.) The precipitate is 
filtered onto* a rapid filter and washed with hot water. 

Second Precipitation. — In either case the precipitate is dissolved 
with the least amount of hot dilute hydrochloric acid and the paper 
washed free of iron. A few cc. of 10 % ammonium chloride solution are 
added and the hydroxide of iron precipitated by adding an excess of 
ammonium hydroxide, the volume of the solution being about 200 cc. 
Washing the precipitate by decantallion is advisable. Three such 
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washings with 50 cc. of water, followed by two or three on the filter 
paper, will remove all impurities. 

Ignition. — The precipitate is ignited wet over a low flame, gradually 
increasing the heat. Blasting is not recommended, as the magnetic 
oxide of iron, Fea 04 , will form with liigh heating. The oxide heated 
gently appears a reddish-brown. Higher heat gives the black oxide, 
Fe804. Twenty minutes' ignition at red heat is sufficient. 

The crucible and residue, cooled in a desiccator, are weighed and the 
iron oxide determined. 

Factors. Fe^Oa X 0.6994 = Fe. FcaOa X 0.8998 - FcO. 


PRECIPITATION OF IRON WITH “ CUPFERRON,” AMINO 
NITROSOPHENYL-HYDROXYLAMINE ^ 

By this procedure iron may be precipitated directly in acid solution 
in presence of a number of elements. Mercury, lead, bismuth, tin, 
and silver may be partially precipitated. Copper precipitates with 
iron, but may be easily removed by dissolving it out with ammonia. 
The method is especially adapted for separation of iron from aluminum, 
nickel, cobalt, chromium, cadmium, and zinc. 

Procedure. — The solution containing the iron is made up to 100 cc. 
and 20 cc. of concentrated hydrochloric acid addend. To this cool 
solution (room temperature) Baudisch’s reagent, cupferron, is slowly 
added with constant stirring, until no further precipitation of iron 
takes place, and crystals of the reagent appear. The iron precipitate 
is a reddish-brown. Copper gives a grayish-white flocculent com- 
pound. An excess of the reagent equal to one-fifth of the volume of 
the solution is now added, the precipitate allowed to settle for about 
fifteen minutes, then poured into a filter paper and washed, first with 
2N.HC1, followed by water, then with ammonia and finally with 
water. The drained precipitate is slowly ignited in a porcelain or 
platinum crucible and the residue weighed as Fe^Os. 


FeoOa X 0.6994 = Fe. 

c 

Notes. Baudisch’s reagent, amino nitrosophenyl-hydroxylamine (cup- 
ferron), is made by dissolving 6 giams of the salt in water and diluting to 100 cc. 
The reagent keeps for a week if protected from the light. It decomposes in the 
light, forming nitrobenzine. Turbid solutions should be filtered. 

The precipitates of copper or iron arc but slowly attacked by twice normal 
hydrochloric acid in the cold, but decomposed by hot acid, hence the solution 
and reagent should be cold. 

Cold, dUiite potassium carbonate solution, or ammonium hydroxide, have 
no action on the iron precipitate; the copper compound dissolves readily in 
ammonia. Alkaline hydroxide eau.ses rapid decomposition. 

The precipitation is best made in comparatively strong acid solutions 
(HCl, H.JSO4, or acetic acid). 

1 O. Baudisch, Chem. Ztg., 33, 1298, 1905. Ibid., 35, 913, 1911. O. Baudisch 
and V. L. King, Jour. Ind. Eng. Cnem., 3, 627, 1911. 
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VOLUMETRIC DETERMINATION OF IRON IN ORES 
AND METALLURGICAL PRODUCTS 

General Considerations. — Two general procedures are commonly 
employed in the determination of iron. 

A. Oxidation of ferrous to ferric condition by standard oxidizing 
agents. 

B. Ileduction of ferric iron to ferrous condition. 

The sample is dissolved as directed under Preparation and Solution 
of the Sample. 


DETERMINATION OF IRON BY OXIDATION METHODS 

Some modification of either the dichrornatc or permanganate 
method is commonly employed in the determination of iron by oxida- 
tion. To accomplish this quantitatively, the iron must be reduced 
to its ferrous condition. This may be accomplished by any of the 
following methods : 

1. Reduction by Hydrogen Sulphide. — During the course of a com- 
plete analysis of an ore, H 2 S is i)assed into the acid solution to pre- 
cipitate the members of that group (Hg, Pb, Bi, Cu, Cd, As, Sb, Sn, 
Pt, Au, Se, etc.).* The filtrate contains iron in the reduced condition 
suitable for titration with either dichromate or permanganate, the 
excess of HaS having been boiled off. If the expulsion of HaS is 
conducted in an Erlenmeyer flask there is little chance for reoxidation 
of the iron during tlie boiling. Reduction by HaS is very effective 
and is frequently advisable. This is the case when titanium is pres- 
ent, since this is not reduced by HaS, but by methods given below. 
Arsenic, antimony, copper, and platinum, which, if present would 
interfere, are removed by this treatment. 

Reaction. 2FeCl3 + HaS = 2FeCl2 + 2HC1 + S. 

2. Reduction .with Stannous Chloride. — SnCla solution acts readily 
in a hydrochloric acid solution of the ore; the reduction of the iron 
is easily noted by the disappearance of the yellow color. The excess 
of the reagent is oxidized to SnCU by addition of HgCL. 

Reactions. 1. 2FeCl3 + SnCL = 2FeCl2 + SnCU. 

. 2. Excess gnCl 2 -|- 2 HgClu= SaCl 4 + 2HgCl pre- 

cipitated. 

An excess of {^nClo is advisable, but a large excess is to be avoided, 
as a secondary reaction is apt to take place, as follows: 2 SnCl 2 
2HgCl2 = 2SnCl4 + 2Hg. This reaction is indicated by the darkening 
of the solution upon the addition of HgCU. Precipitation of metallic 
mercury would vitiate results. The solution should be cooled before 
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addition of mercuric chloride. About 15-20 cc. of saturated mercuric 
chloride, HgCL, solution should be sufficient. 

3. Reduction by a Metal such as Test Lead, Zinc, Magnesium, 
Cadmium, or Aluminum, in Presence of Either Hydrochloric Acid or 
Sulphuric Acid. — The former acid is preferred with the dichromate 
titration, and the latter with the permanganate. Two methods of 
metallic reduction are in common use — reduction by means of test 
lead, and reduction with amalgamated zinc by means of the Jones 
reductor. 

(a) Reduction with Test Lead. — By this method copper is pre- 
cipitated from solution and small amounts of arsenic and antimony 
expelled. Sufficient test lead is added to the acid ferric solution to 
completely cover the bottom of the beaker. The solution is covered 
and boiled vigorously until the yellow color has completely disap- 
peared, and the solution is colorless. The reduced iron solution, cooled, 
is decanted into a 000 cc. benker, the remaining iron washed out from 
the lead mat by several decantations with water; two or three 50 cc. 
portions of water should be sufficient; the washings are added to the 
first portion. If the solution becomes slightly colored, a few drops of 
stannous chloride, SnCL, solution arc added, followed by 10 cc. mer- 
curic chloride, HgCL, solution. The sample is now ready for titration. 

(b) Reduction with Zinc, Using the Jones Reductor. — The acid 
solution of iron, preferably sulphuric acid, is passed, through a column 
of amalgamated zinc. The hydrogen evolved in presence of the zinc 
reduces the ferric iron to ferrous condition. The procedure is de- 
scribed in detail under the Permanganate Method for Determination 
of Iron, page 317. Titanium if present will also be reduced. 

4. Reduction with Sulphurous Acid, Sodium Sulphite or Meta- 
bisulphite. — SO 2 gas is passed into a neutral solution of iron, since 
iron is not reduced readily in an acid solution by this method. The 
excess SO 2 is expelled by acidifying the solution and boiling. 

6. Reduction with Potassium Iodide. — The iodide is added and the 
liberated iodine is expelled by heat. 

In the solution of the ore with stannous chloride and hydrochloric 
acidj if an excess of the former has been accidentally^ added, it will be 
necessary to oxidize the iron before reduction. This may be accomplished 
by addition of hydrogen peroxide until the yellow color of ferric chloride 
appears; the excess H 2 O 2 may be removed by boiling {or by addition of 
KMn 04 solution). The iron may now he reduced by one of the above 
methods. 

Reagents used in standard oxidation of the reduted solutions. 

Two reagents are generally used, potassium dichromate and potassium 
permanganate. Either of these reagents give excellent results. 

Potassium dichromate acting as an oxidizing agent has the follow- 
ing advantages: — The salt may be obtained in exceedingly pure form 
so that the gram molecular weight can be taken into the exact calcu- 
lation for making up the soldtion, i.e. a N/10 solution contains J of 
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294.2 grams of the pure salt. (See Introduction, also see discussion 
in the chapter on Reagents) The salt remains unaltered in the air 
and the solution kept in a stoppered bottle remains constant on 
standing. The salt has no water of crystallization which causes un- 
certainty in the composition of so many compounds. It is not affected 
by hydrochloric acid which is so often used as a solvent. It does not 
act on rubber and may be used in burettes with rubber tips (Mohr 
burette). Its disadvantage is that it requires an outside indicator 
(See Introduction). It does not give up its oxygen to many sub- 
stances, which are oxidized by potassium permanganate. The reagent 
is used almost entirely in the determination of iron. 

Potassium Permanganate. — Although the salt may be produced 
with high grade of purity from other substances, a small amount of 
manganese dioxide is generally present, which slowly decomposes the 
reagent solutions, producing more dioxide. Hence it is necessary to 
filter the reagent after allowing it to stand for a few hours, to remove 
|i|is dioxide, the filtering being conducted through asbestos. The 
Ragent has the advantage of being its own indicator, no spot plate 
tests with an outside indicator being necessary as in case of the 
dichromate, the reagent becoming decolorized by a reducing agent. 
Permanganate attacks rubber so that a Mohr rubber tipped burette 
cannot be used in titrations with KMn 04 solutions. 
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VOLUMETRIC DETERMINATION OP IRON BY OXIDAHON WITH 
POTASSIUM DICHROMATE 

Principle. — This method depends upon the quantitative oxidation 
of ferrous salts in cold acid solution (HCl or H2SO4) to ferric conditioij 
by potassium dichromate, the following reaction taking place: 1 

6FeCl2 + KsCrzOr + 14HC1 = CFeCL -h 20rCl3 + 2KC1 + THaO. \ 

Potassium ferricyanide is used as an outside indicator. This re- 
agent produces a blue compound with ferrous salts and a yellowish- 
brown with ferric. The chromic salt formed by the reaction with 
iron colors the solution green. 


Reagents Required 

Standard Potassium Dichromate. — When oxygen reacts with ferrous 
salts, the following reaction takes place: 

GFeCL -h 6HC1 + 30 = 6FeCl., + SHaO. 

Since K2Cr207 ^ K2O • CrjOi • 30 

Comparing this reaction with that of dichromate, it is evident that 
a normal solution of dichromate contains one-sixth of the molecular 
weight of K2Cr207 per liter, namely, 49.033 grams! For general use 
it is convenient to have two strengths of this solution, N/.'J for ores 
high in iron and N/10 for products containing smaller amounts. 

Note. Make up the reagent as follows if it is d^'^ired to have^he dichro- 
mate of such strength that 1 cc. is equivalent to iron on the basis of 
0.5 gram sample. Since 1 % on 0.5 gram is 0.005 ^am Fe and since Fe 
- i K 2 CT 2 O 7 or 65.84 g. Fe » 49.033 g. KsCrsOz, therefore, 0.005 g. Fe = (49.033 
+ 65.84) X 0.005 » 0.0042 g. K 2 Cr 207 per cc. or 4.202 g. per liter. With the 
above strength of reagent a 50 cc. burette is convenienSt 

Standardization. — For N/5 solution 9.807 grams o^the recirystallized 
dehydrated salt are dissolved and made up to one filter; |n /10 po- 
tassium dichromate contains 4.903 grams of the puriJ salf per liter. 
It is advisable to allow the solution to stand a fe^ hemrs before 
standardization. ! 

Methods for the standardization of potassium (lichromate are 
given in the chapter of Preparation of Reagents. So me laboratories 
prefer to use a standard ore of iron in place of the staiidards given in 
the above chapter. For those desiring to use a stan^t^ard ore, it is 
advisable to start with the Sibley iron ore furnished by the U.S. 
Bureau of Standards, Washington, D.C., as the ultimate standard. 
Other ores uniform in iron may be standardized against the Sibley 
ore and used as standards. The ore in question contaiiHS 69.20% of Fe 
(1914). For accurate work it is desirable to use a c hamber burette 
with graduations from 75 to ^0 cc. in tenths and fro.ui 90 to 100 in 
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twentieths of a cc. A titration of 90 to 100 cc. of the dichromate 
would require 0.9 to 1.1 grams of iron for a fifth normal solution and 
half this amount for a tenth normal solution of dichromate. In the 
first case 1.4 grams of Sibley iron ore should be taken and for N/10 
0.7 gram of the ore. The ore is best dissolved in strong HCl, add- 
ing a few drops of stannous chloride solution and heating just below 
boiling. In case of an ore or iron ore briquette, containing silica in 
an appreciable amount, a carbonate fusion of the residue may be 
necessary. Reduction and titration of the ore is done exactly as pre- 
scribed under Procedure below. 

The equivalent iron in the ore divided by the cc. titration required 
for complete oxidation gives the value in terms of grains per cc., e.g., 
1.4 grams of ore containing 69.2% of Fc required a titration of 95 cc. of 
K 2 Cr 207 solution, then, 

1 cc. = -4- 95 = 0.0102 gram Fe. 

Stannous Chloride. — Sixty grams of the crystallized salt dissolved 
in 600 cc. of strong HCl and made up to one liter. The solution 
should be kept well stoppered. 

Mercuric Chloride. — Saturated solution of IlgCU (GO to 100 grams 
per liter). • 

Potassium Ferricyanide, KaFe(CN)6. The salt should be free of 
ferrocyanide, as this produces a blue color with ferric salts. A crystal 
the size of a pinhead is dissolved in 50 cc. of water. The solution should 
be made up fresh for each set of determinations. 

Apparatus. — Chamber burette. — This should read from 75 to 90 cc. 
in tenths and from 90 to 100 cc. in twentieths of a cc., the chamber 
being 75 cc. 

Test-Plate. — The usual porcelain test-plate with depressions may 
be replaced by a very simple and efficient test-sheet made by dipping 
a white sheet of paper in paraffin. The indicator does not cling to 
this surface, the drops assuming a spherical form, which renders the 
detection of the end-point more delicate. 


Procedure 

Iron Ores. — If a chamber burette is used, as is described under 
apparatus, together with a fifth normal dichromate solution, the 
amount of sample taken should be such that the actual iron present 
would weigh between 0.9 to 1.1 grams. This weight can be estimated 
by dividing 95 by the approximate percentage of iron present, e.g., 
for 50% Fe ore take 1.9 grams; 95% iron material would re- 
quire 1 gram, whereas 20% Fe ore would require 4.75 grams. 

If a 50 cc. burette is used with an 0.1 N.K 2 Cr 207 reagent, a half 
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gram sample is taken. See note under Standard Potassium Dichro- 
mate. 

For samples containing less than 20% of Fc it is advisable to use 
N/lO K2Cr207 solution. 

The sample should be finely ground (80 mesh). 

Solution. — The hydrochloric acid method for solution of the oxi-j 
dized ore with subsequent carbonate fusion of the residue is recom-l 
mended as being suitable for iron ores, briiiucttes, and materials high\ 
in iron. 

Reduction. — H2S reduction is recommended in ores containing 
arsenic or titanium. Sn('l2 in very slight excess, followed by mercuric 
chloride, HgCU, gives excellent results in absence of other reducible 
salts of elements, Cu, As, etc. 

Test Lead. — The easy manipulation and efficiency of this method 
of reduction makes it ajiplicable for a large variety of conditions. The 
acid solution preferably, HCl, is diluted to about 150 to 200 cc., con- 
taining 15 to 20 cc. of conccjitrated hydrochloric acid (sp.gr. 1.19). 
Sufficient test lead is added to cover the bottom of a No. 4 beaker. 
The solution covered is boiled vigorously until it becomes colorless. 
Copper, if present, is precipitated, as well as platinum, and small 
amounts of arsenic and antimony eliminated from the solution during 
the reduction of the iron. The cooled solution is poured into a 600 cc. 
beaker and the mat of lead remaining in the No. 4 ]:)eaker washed free 
of iron, two or three 50 cc. washings being sufficient. The main solu- 
tion and washings are combined for titration. If the solution is 
slightly colored, due 10 reoxidation of iron, a few drops of stannous 
chloride solution arc added to reduce it, followed by an excess of 
HgCU solution, 20 to 25 cc., and allowed to stand five minutes. 

Titration. — Dilute the solution to about 500 cc. and titrate with 
standard potassium dichromate, adding the reagent to within five or 
six cc. of that required (determined by the first sample tested) rapidly 
and then cautiously making outside spot tests with the potassium 
ferricyanide indicator as directed in the first procedure. As a pre- 
caution in the first run it is advisable to reserve a portion of the solu- 
tion to be titrated to avoid overrunning the end-ijoint, this reserve 
being added when the end-point of the first portion has been reached. 

If the standard chamber burette is used, titrate with N/5 dichro- 
mate, 1 cc. of which is equivalent to 0.011168 g. Fe. 

For student use 50 cc. burettes arc generally preferred, using N/10 
reagent, 1 cc. of which is equivalent to 0.005584 g. Fe. 

• 

Notes. If SnCb solution has been used for reduction of the iron, it is neces- 
sary to add the HgCl2 rapidly to a cold solution, as slow addition to a warm solu- 
tion ifl apt to precipitate metallic mercury. 

In case an excess of dichromate has been added in the titration, as often 
occurs, back titration may be made with ferrous ammonium sulphate 
(NIL) 2804 FeSO* 6H2O. N/10 solution of this reagent may be prepared by 

dissolving 9.81 grams of the clear crystals in about 100 cc. of water, adding 5 cc. 
of concentrated HaSO^ and makin'fe to 250 cc. The solution should be standard- 
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ized against the diehromate solution to get the equivalent values, by running 
the dichroinate directly into the*, ferrous solution. 

The ferricyanide indicator should be made u[> fresh (^ach time it is required. 
Large amounts of manganese in the iron solution titrated cause a brown 
coloration, which masks the end-point. Nickel and cobalt, present in large 
amounts are objectionable for the same reason. This interference may be over- 
come by using very dilute acid solutions of ferricyanide indicator, so that the 
insoluble ferricyanide of these metals will not form. 


OPTIONAL DICHROMATE METHOD 

To become familiar with the dichromate method it is advisable to 
titrate a known amount of standard ferrous ammonium sulphate with 
the standard potassium dichromate using the spot test on the tile 
as directed in the first procedure. For academic purposes 50 cc. 
burettes are convenient with N/lO dichromate reagent, or a solution 
1 cc. of which is equivalent to 1% Fe on 0.5 gram sample taken. 
Following this preliminary practice determine the iron in a sample of 
iron ore as follows: 

Reagents. — The.se are the same as described in the first method. 

Solution of the Ore. — Weigh two samples of finely ground ore 
(60-80 mesh, no grit should be evident when tested with the fingers) 
taking about 0.5 ^gram and heating in a porcelain crucible to dull 
redness to destroy organic matter. Transfer each to a beaker and treat 
with about 3 cc. stannous chloride and 20 cc. of hydrochloric acid, 
covering beaker and heat until the dark particles have disappeared, 
adding more acid, if necessary. Do not evaporate to dryness. Dilute 
with a few cc. of water. The residue should be white otherwise it 
must be digested longer to effect decomposition of the iron. If the 
solution is colorless, due to an excess of stannous chloride, add very 
cautiously, drop by drop, a N/10 solution of potas.sium permanganate, 
until a faint yellow color appears. (Insoluble residue colored, see 
note.) 

Reduction of the Iron. — To the hot solution containing the iron 
(diluted to about 50 cc.) add the stannous chloride drop by drop 
until the yellow color just disappears and then a drop or two in ex- 
cess. Cool rapidly by placing the beaker in cold water, and when 
cold add about 15 cc. of 5% mercuric chloride. A white silky pre- 
cipitate will form. (If gray or dark, metallic mercury has been pro- 
duced by the presence of too much stannous chloride and the run must 
be repeated.) • 

The Spot Test. — A series of drops of very dilute solution of 
potassium ferricyanide, (a crystal about the size of a pin head in 
200 cc. of water. The ferricyanide should be free of ferrocyanida 
otherwise the end-point will be uncertain since the ferrocyanide gives 
a blue color with ferric salts) are placed on a white tile (spot plate) 
and the tests made by idacing a drop ofnhe titrated sample in a drop 
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of the reagent on the test plate. As long as a blue color is produced 
ferrous iron is present, the end-point appears colojless or faint yellow. 

1 cc. N/lOKaCraO; = 0.0055S4 g. Fe. 

Note. Insoluble residue. — If tlu’, acid treatment does not effect complete 
decomposition of the dark material, decant the solulion (diluted to about 50 cc.) 
through a filter, wash the residue s(iV(?ral times with distilled water. Determind 
iron in the filtrate and washings by the procedure described above — meantime, \ 
fuse the residue in a platinum crucible with about 6 times its weight of sodium \ 
and potassium carbonates, dissolve the fiusion in dilute HCl, adding a little 1 
HNOa to oxidize the iron (beaker covered). Precipitate tlie iron from this solu- ‘ 
tion with NTLOH, filter off Fe(OTl)a. Dissolve in IIOl and follow above 
procedure, adding the per cent of iron obtained to the percentage obtained from 
the acid extract. 
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POTASSIUM PERMANGANATE METHOD FOR DETERMINATION 

OF IRON 

Introduction. — The method depends upon the quantitative oxi- 
dation of ferrous salts to the ferric condition when potassium per- 
manganate is added to their cold solution, the following reaction taking 
place : 

30 FeSO 4 + 2KMn04 + 8H2SO4 = + K2SO4 + 2MnS04 + 

8H2O. 

Hydrochloric acid in i)roscnce of ii*on salts has a secondary re- 
action upon the permanganate, e.g., 

2 KMn 04 + IGHCl - 2 KC 1 + 2lhiCU + 8H2O + lOCl. 

This reaction may be prevented b}’ addition of large amounts of 
zinc or manganous sulphates together with an excess of phosphoric 
acid or by diluting largely with water the solution titrated. Hydro- 
chloric acid may be expelled by adding sulphuric acid and taking to 
fumes. If the solution is sufficiently dilut^ HC-l does not interfere 
with the permanganate titration. See optional method following. 
The solution is diluted and reduced with zinc and titrated as directed. 

Since potassium permanganate enters into reaction with acid so- 
lutions of antimony, tin, platinum, copper and mercury, when present 
in their lower state of oxidation, (also with manganese in neutral 
solutions) and with SO2, H2S, N2O, ferrocyanides and with most soluble 
organic bodies, these must be absent from the iron solution titrated. 

Potassium permanganate produces an intense pink color in so- 
lution, so that it acts as its own indicator. 

Solutions Required. — Standard Permanganate Solutions. — As in 
case of potassium dichromate, it is convenient to have two standard 
solutions, N/5 and N/10. 

From the reaction given above it is evident that 2 KMn04 are 
equivalent to 5 oxygens, e.g., 2KMn04 = K2O + 2MnO -h 50, hence 
a normal solution would contain one-fifth of the molecular weight of 
KMn04 ~ 31.6 grtims of the pure salt. Hence a N/5 solution would 
Contain 6.32 grams per liter and a N/10 solution 3.16 grams. 

Since commercial potassium permanganate is seldom pure, it is 
necessary to determine its exact value by standardization. This is 
commonly accomplished by any of the following methods: 

(a) By a standard electrolytic iron solution. 

(b) By ferrous salt solution, e.g., (NH4)2S04.FeS04.6H20. 

(c) By oxalic acid or an oxalate. 

The methods for standardization of potassium pennanganate are 
given in the chapter on Preparation of Reagents. Reference is made 
to this chapter for details of standardization. 

The reduction of the sample is best effected by means of metallic 
zinc, by either adding this to the sample in a flask, preferably with a 
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Bunsen valve (permitting the escape of the hydrogen but preventing 
an intake of air) or by passing the solution, under examination, 
through a column of zinc. This latter procedure is recommended 
where a large number of determinations are made. For occasional 
determinations of irons some prefer reduction by adding zinc to the, 
solution in a covered beaker, any excess of zinc being filtered off on aj 
cotton wad loosely placed in a funnel. Sec optional method following.! 

Amount of the Sample. — If a factor weight 0.559 gram of the\ 
sample is taken then 1 cc. of a N/10 solution of permanganate will \ 
equal 1 %. \ 

Note. If 2.S3 grams of pure KMnOi are dissolved and made to 1000 cc., 

1 cc. will be equivalent to 1 % Fe per 0.5 gram sample, since 55.84 g. Fe requires 
31.6 g. KMn() 4 for oxidation and .005 g. Fe requires (31.6 -5- 55.84). 005 = .00283 g. 
KMn 04 per cc. or 2.S6 g. per liter. Absolute reliance cannot be placfMl on 
the purity of the permanganate so that the percentage value is approximate 
only. 
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PROCEDURE FOR THE DETERMINATION OF IRON BY THE JONES 

REDUCTOR 

Preparation of Sample. — Such an amount of the sample is taken 
that the iron content is between two- and three-tenths of a gram 
(0.2 to 0.3 gram). If hydrochloric acid has been required to effect 
solution, or hydrochloric acid and nitric acid (25 cc. : 1 cc.), as in 
case of iron and steel, 4 to 5 cc. of cone, sulphuric are added, and the 
solution evaporated to small bulk on the steam bath and to SOs fumes 
to remove hydrochloric acid. The iron is taken up with about 50 cc. 
of dilute sulphuric acid, 1 : 4, heating if necessary, and filtering if an 

insoluble residue remains. In a solution 
containing 10 cc. HCl diluted to 700 cc. 
the HCl does not interfere in the 
permanganate titration. See optional 
method following. 

Preparation of the Reductor. — 

Cleaning out the apparatus. See Fig. 82. 
The stop-cock of the reductor is closed, 
a heavy-walled flask or bottle is put 
into position at the bottom, and 50 cc. 
of dilute sulphuric acid poured into 
the funnel. The cock is opened and 
the acid allowed to flow slowly through 
the zinc in the tube, applying a gentle 
suction. Before the acid has drained 
out of the funnel, 50 cc. of water are 
added, followed by 50 cc. more of 
dilute sulphuric acid and 50 cc. of 
water in turn. The stop-cock is turned 
off before the water has drained com- 
pletely from the funnel so that the 
zinc is always covered by a solution of 
acid or water. This precaution should 
be observed in all’ determinations with the Jones reductor to prevent 
the inflow of air into the column of zinc. The contents of the flask 
being emptied and the flask replaced, the apparatus is ready for the 
determination of the blank. 

Detennination of the Blank. — Fifty cc. of dilute sulphuric acid, 
1 : 4, are passetj through the reductor, followed by 250 cc. of distilled 
water, according to the directions given above. The acid solution in 
the flask is then titrated with N/10 KMn04 solution. If more than 
•3 or 4 drops of the permanganate are required, the operation must be 
repeated until the blank titration does not exceed this amount. The 
final blank obtained should be deducted from the regular determina- 
tions for iron. The end-point of the titration is a faint pink, persisting 
for one minute. 
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Reduction and Titration of the Iron Solution. -- The sample is 
diluted to 200 cc., and, when cold, is run into the funnel, the stop- 
cock opened and the solution drawn slowly through the column of 
rinc into the flask, about four minutes being required for 200 cc. of 
solution. Before the funnel has completely drained^ rinsings of the 
vessel which contained the sample are added; two 50 cc. portions are 
sufficient, followed by about 50 cc. of water. The stop-cock is closed 
before the solutions have completely drained from the funnel. \ 
Titration. — The flask is removed and tenth normal solution of\ 
permanganate added until a faint pink color, persisting one minute, is , 
obtained. The blank is deducted from the cc. reading of the burette. \ 
Cc. KMn 04 , thus found multiplied by the value of the reagent in 
terms of N/10 = true value of N/10 KMn 04 required to oxidize the 
reduced iron. 

One cc. N/10 KM11O4 = .005584 gram Fe; or .007984 gram Fe 203 . 
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OPTIONAL METHOD FOR IRON IN ORES 

The procedure recommended by A. H. Low for students, has been 
found to give excellent results, the following outline is his own. For 
further details reference is made to his IX edition of Technical 
Methods of Ore Analysis. 

1. Solution of the Sample. —0.5 gram of ore. 8-oz flask. With 
oxidized ores add 10-15 cc. of HCl and warm gently until the iron oxide 
is dissolved; then if sulphides are also present add 5 cc. of HNO.-, to 
decompose them also. With straight sulphides use 10 cc. of HCl and 

5 cc. of HNOj. When decomposition is complete add 5 cc. of H2SO4 
and boil over a free flame nearly to dryness. 

2. Reduction. — After cooling, add 30 cc. water, 10 cc. HCl and 

6 grams of 20 mesh granulated zinc. Not necessary to get salts into 
solution. Now add 3 cc. of a 4% copper sulphate solution. Allow 
to stand until the action has become feeble. 

3. Add 50 cc. of cold water and then 10 cc. of strong H2SO4 and 
allow to stand until the zinc is nearly all dissolved. 

4. Filtration from Insoluble Gangue and Excess Zinc. — Prepare 
a filter by placing a rather thick wad of absorbent cotton in a funnel 
and wetting it into place. Place a battery jar, or a liter beaker con- 
taining about an inch of cold water, under the funnel. Have the 
beaker marked at the 700 cc. point. 

5. When the zinc in the flask has nearly all dissolved, filter the 
liquid through the absorbent cotton and wash out the flask at least 
10 times with cold water, pouring through the filter. Use the wash 
bottle reversed to save time, and use enough water for each wash to 
completely cover the absorbent cotton. Allow to drain between 
washes. Continue the washing until the filtrate reaches the 700 cc. 
mark on the beaker. 

6. Titration of the Sample. — Titrate at once with standard per- 
manganate to a very faint pink tinge and take reading. 

7. A blank should previously be run on the zinc to determine 
any correction (usually due to a little iron) necessary. Deduct this 
correction from the above reading. 

8. Multiply the cc. of permanganate used by the factor for iron. 

9. Standardization of Permanganate. — Standard Permanganate. 
About 2.83 grams per liter. Standardize on oxalic acid of Sorensen’s 
salt, as described in text book. Multiply the oxalic acid value by 
0.8855 to obtain the Fe value, or the Sorensen’s salt value by 0.8332. 
1 cc. of permanganate should equal about 0.005 gram fe., or about 
1% on the basis of 0.5 gram of ore taken for assay. 
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STANNOUS CHLORIDE METHOD FOR DETERMINA- 
TION OF FERRIC IRON 

The procedure is based upon the reduction of the yellow ferric 
chloride to the colorless ferrous salt by stannous chloride, the following 
reaction taking place: 

2FeCL + BnCU = 2FeCl2 + SnCU. 


The method is of value in estimating the quantity of ferric iron 
in presence of ferrous, where the two forms are to be determined. 
In order to obtain the total iron the ferrous is oxidized by adding a 



few crystals of potassium chlorate and 
taking to dryness to expel chlorine, 
and then titrated with stannous 
chloride. 

The accuracy of the method de- 
pends upon the uniformity of con- 
ditions of temperature, concentration, 
etc., of making the run with the sam- 
ple and of standardizing the stannous 
chloride. The solution should be free 
from other oxidiiyng agents, or from 
salts that give colored solutions. 

The amount of iron in terms of 
ferric oxide that can be estimated 
by this procedure ranges from 0.002 
gram to 0.05 gram. 

Reagents. — Stannous Chloride 
Solution. — The reagent is prepared 
by dissolving 2 grams of stannous 
chloride crystals in hot concentrated 
hydrochloric acid and making up to 
1 liter. The solution should be kept 
in a dark bottle to .which the titrating 
burette is attached in such a way 


that the liquid may be siphoned out 
into this, as shown in the illustration, Fig. 83. The air entering the 
bottle passes through phosphorous or pyrogallic acid to remove the 
oxygen. In this way, protected from the air, the reagent will keep 
nearly constant for several weeks. It is advisable, however, to' 
restandardize the solution about every ten to fifteen days. One cc. 
will be equivalent to about 0.001 gram of Fe. 

Standard Iron Solution. — 8.6322 grams of ferric ammonia alum is 
dissolved in dilute hydrochloric acid and made up to one liter. The 
iron is determined in 100 cc. portions by the dichromate method. 
One cc. will contain about 0^001 gram of Fe. 



METALLURGICAL ANALYSIS 


323 


Procedure.— To the sample in a casserole is added 25 cc. of con- 
centrated hydrochloric acid and an equal volume of water. The re- 
sulting solution is heated to boiling and quickly titrated with the 
stannous chloride reagent, until the yellow color fades out and the 
solution becomes colorless. 

Note, The titration should be done quickly, as the iron will reoxidize 
on standing and the solution again become yeUow. The true end-point is the 
first change to a colorless solution. 
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COLORIMETRIC METHOD FOR DETERMINING SMALL 
AMOUNTS OF IRON 

Sulphocyanate (Thiocyanate) Method ^ 

Introduction. — By this method 1 part of iron may be detected in 
60 million parts of water. The presence of free mineral acid increases 
the sensitiveness of the method, so that it is especially applicable to 
the determination of small amounts of iron in mineral acids. It is 
available in presence of many of the ordinary metals and in presence of 
organic matter. Silver, copper, cobalt, mercuric chloride, however, 
interfere. Nitric acid gives a color with sulphocyanate. 

This method, like the stannous chloride method, determines only 
the ferric iron. It is based on the fact that ferric iron and an alkali 
sulphocyanate, ammonium or potassium sulphocyanate, in an acid 
solution give a red color, the intensity of which is proportional to 
the quantity of iron present. The color is due to the formation of the 
compound, Fe(CNS)3.9KCNS.4H20. 

Reagents Required. — Standard Iron Solution. — A ferric solution, 
the iron content of which has been determined, is diluted and divided 
so as to obtain 0.0004 gram of Fe. This is made up to 2 liters with 
water containing 200 cc. of iron-free, C.P. H2SO4. One hundred cc. 
of this solution, together with 10 cc. of normal ammonium sulpho- 
cyanate solution, is used as a standard. One hundred cc. contains 
0.00002 gram of Fe. 

Normal sulphocyanate contains 76.1 grams of NH4CNS per liter. 

Procedure. — The weighed sample, 1 to 10 grams, or more if nec- 
essary, is dissolved in dilute H2SO4 and oxidized by adding dilute 
permanganate, KMn04, solution drop by drop until a faint pink color 
is obtained. The sample is diluted to exactly 100 cc. and is poured 
into a burette graduated to 0.1 cc. Two colorless glass cylinders of the 
100-oc., Nessler type are used for comparison of standard and sample. 
Into one cylinder is poured 100 cc. of the standard solution, made as 
directed above. Into the second cylinder containing 10 cc. of sul- 
phuric acid vdth 10 cc. of ammonium sulphocyanate,. NH4CNS, diluted 
to 60 or 70 cc., the sample is run from the burette until the depth of 
the color thus produced on dilution to 100 cc. exactly matches the 
standard. From the number of cc. used the weight of the sample is 
calculated. One hundred cc. of the standard contains 0.00002 gram Fe. 

Dividing the weight of iron in the standard by the weight of sample 
used and multiy^Jying by 100 gives the per cent of iron* in the sample. 

Notes. If other metals are present, that form two series of salts, they must 
be in the higher state of oxidation, or the color is destroyed. (Sutton.) Oxalic^ 
acid, if present, destro}^ the color. Oxidation with KMn04 or KClOs with* 
subsequent removal of Ch prevents this interference. (Lunge, C. N., 73, 250.) 

Chlorides of the alkaline earths retard or prevent the sulphocyanate reac- 
tion. (Weber, C. N., 47, 165.)^ 

^ Thomson, J. C. S., 493, 1885, and C. N., 51, 259. Kniss and Moraht, 
C. N., 04, 255. Davies, C. N., 8, 163. 
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INDUSTRIAL PRODUCTS AND RAW MATERIALS 
TECHNICAL ANALYSIS OF IRON AND STEEL 

The elements carbon, manganese, phosphorus, sulphur, and silicon 
are invariable constituents of iron and steel, and are always included 
in an analysis. Copper and ar- 
senic are sometimes found; alumi- ^ 

num, chromium, nickel, molyb- ^ 

denum, tin, titanium, tungsten, * i i 

vanadium, and zinc occur in spe- i* \ ' " k" i V - y > 

cial alloy steels. Minute traces ^ ^ 

of oxygen, hydrogen, and of many ^ 

other elementary constituents fre- i - S- j 

quently are present, but are of so z E 

little importance that they are sel- i i ^ 

dom considered in an analysis. ^ 

Our attention is drawn in this [ f - “~ — M 

chapter to the more important j ^ ' 

constituents, whose estimation is u— ■ ■ U 

required in the daily routine an- - j 

alysis of a steel works laboratory. M 

The elements considered are car- 

bon — carbide or combined carbon ^ 

and graphitic carbon, manganese, 

phosphorus, sulphur, t • 

'1*=^ and silicon. Deter- I— ______ 

vR/ mination of the ele- Fig. 84. 

ments of special alloy 

steels containing aluminum, chromium, nickel, titanium, 
tungsten, vanadium, etc., are given in the chapters on 
) I the elements in question; for example the determination 

^ \ of vanadium in steel will be found in the chapter 

on Vanadium, chromium and copper in the chapters 
on .Chromium and Copper, etc. 

As is generally the case, a large number of deter- 
minations are required in the steel works laboratories 
> J and it is not an uncommon thing for one man to turn 
out 50 to 100 determinations a day. To accomplish 
this, simple and rapid procedures are required. When 
aaii I ^ the metal is unusually high in an undesirable constituent 
® it is indicated by the test, and a confirmation of the 
Fig. 85, Di- result is obtained by an additional test, exercising ex- 
viding Pipette, treme care, and using a procedure giving results of 
the highest accuracy. Fortunately the analysis of steel 
has received considerable attention and rapid methods have been 
worked out which are extremely accurate. 
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The procedures briefly outlined have proven of value to analysts 
of iron and steel. While in charge of the laboratory at Baldwin Lo- 
comotive Works, the author found that a skilled analyst was able to 
turn out 125 determinations of combined carbon, or 100 of manganese, 
or of sulphur, or 50 determinations of phosphorus, or 25 determinations 
of silicon per day by the procedures given. This necessitates the use 
of a large number of beakers and flasks, ample desk room, individu|al 
balances, hot plates, and hoods to accommodate a dozen to two dozin 
beakers or flasks at a time, and a carefully planned system. \ 

The dividing pipette, shown in Fig. 85, is useful for adding 
definite amount of reagent to the sample. 

Preparation of the Sample 

The metal is sampled by drilling with a clean twist drill, using no 
water or oil. 

Hard grades of pig iron, chilled iron, ferromanganese, quenched 
steel, etc., are broken down to a coarse powder in a chilled steel 
mortar. 
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DETERMINATION OF CARBON 
Combined or Carbide Carbon — Colorimetric Method 

Rapid Method. — 0.2 to 0.5 gram of drillings is placed in a test- 
tube, 6 X I ins., and 5 to 20 cc. of nitric acid (sp.gr. 1.2) added from 
a burette, the test-tube being placed in cold water to prevent too 
violent action. The amount of acid added is governed by the carbon- 
content of the steel (see chapter on Carbon). After the violent 
action has ceased, the tube is placed in a specially-designed water 
bath, the water heated to bc'iling and boiled for twenty minutes or 
more until the solution in the tube luis become perfectly clear. The 
sample is now removed, washed into a color carbon tube and com- 
pared with a standard steel of the same class of material as that 
examined under the same conditions. Full details of the procedure 
may be found in the chapter on Carbon. 

Iron and steel containing graphite must be fdtered before making 
comparisons. The solution, diluted with one-half its volume of water, 
is filtered through a small filter paper into a test-tube. The residue 
is washed with a fine j63t of distilled water until free of color. The 
filtrate is compared with a standard sample of similar composition 
treated in the same way. 

Steel containing cliromium, copper, nickel, and elements yielding 
a colored solution should not be examined by the colorimetric methods. 

Method of the Bureau of Standards. — Total and graphitic carbon 
are determined and the difference taken as combined carbon. 


Total Carbon 

The determination is required for an accurate estimation of carbon 
where the color test indicates the carbon content outside the limits of 
requirement, or in cases where interfering substances are present. In 
material where the carbon content is of extreme importance, the color 
method is not used. Details of the procedure for determining carbon 
by direct combustion arc given in the chapter on Carbon. The 
following procedure is recommended by the Bureau of Standards: 

(a) In Irons. — Two grams of iron are mixed with about twice the 
weight of purified ferric oxide. The mixture is placed in a platinum 
boat, which is lined with a suitable bed material, such as alundum, and 
is burned in a current of oxygen, as described below. 

(b) In Steels. — The method is the same as for irons with omission 
of the ferric oxide mixture. 

Details of Direct Combustion Method. — Furnaces and Tempera- 
ture of Burning. — Porcelain tubes wound with nichrome ” wire, 
provided with suitable heat insulation and electrically heated, are 
used, and readily give temperatures to 1100® C. The temperature 
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control is by means of an ammeter and rheostat in series with the 
furnace, with occasional check by a thermocouple. 

Boats and Lining. — Platinum boats provided with a long platinum 
wire for manipulation in the tube are mostly used; alundum ones 
occasionally. The bed or lining on which the steel rests is 90-mesh 
RR alundum, alkali-free, specially prepared for carbon determina- 
tion.^* A layer of this alundum is also placed in the bottom of the 
combustion tube to prevent the boat sticking to the glaze. A plati- 
num. cover for the boat is sometimes used, and is essential when the 
combustion is forced. 

The nature and quality of the bed material are matters of great 
importance. Alumina as prepared from the sulphate or from alum 
may not be free from sulphate or alkali, both of which have given 
serious trouble at the Bureau. The alkali, if present, may not mani- 
fest itself by an alkaline reaction until after one or two combustions 
have been made, using the same bed material. Even the ordinary 
white “ alundum *’ on the market carries a few hundredths of 1% of 
alkali. Iron oxide has been tried, and when pure should, apparently, 
give good service. As yet, however, it has been difficult to obtain or 
prepare acceptable material for use with steels. Quartz sand gives 
rise to a fusible slag, which melting before combustion is complete, 
incloses bubbles of carbon dioxide gas. This defect would probably 
inhere in any other material of an acid character.^ The presence in 
the silica bed after combustion of crystals which appear to be car- 
borundum, have occasionally been noted. 

Purity of Oxygen. — Blanks. — The Bureau makes its oxygen elec- 
trolytically, and its content of this element is usually 99 to 99.5%, 
and sometimes higher. Even with this gas a slight blank is usually 
obtained. When running a blank in addition to the usual proportions, 
the rate at which the oxygen is introduced should be the same as 
when burning a sample, and the time should be three to five times 
as long. 

Method of Admitting Oxygen and Rate of Combustion. — The fur- 
nace being at the proper temperature, the boat containing the sample 
is introduced. Oxygen is admitted either at once or after the boat 
has reached the temperature of the furnace, as the operator prefers, 
or as the nature of the steel may demand. The rate of flow of the 
oxygen varies with the absorption apparatus used and with the pref- 
erence of the operator, and may be considerably more rapid when 
absorbing carbon dioxide in soda lime than in an alkaline solution. 
A rapid flow of oxygen also facilitates the burning of resistant samples. 
A continuous forward movement of the gas current is maintained at 
all times. The time for a determination varies, of necessity, with 
the nature of the sample and the rate of flow of the oxygen, ranging 
from ten to thirty minutes. The endeavor is to obtain a well-fused 
oxide. With all samples close packing in a small space is conducive 
to rapid combustion and to fusion of the resulting oxide. 
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Authorities differ as to the advisability of allowing the oxide of 
iron to fuse thoroughly. Even when fusion docs take place additional 
carbon dioxide is obtained very frequently by grinding the oxide and 
reburning. Often more than one regrinding and reburning is necessary 
in order to reduce the amount of carbon dioxide obtained to that of 
the constant blank. 

Oxides of sulphur have been found very difficult to eliminate from 
the gases leaving the tube. Lead peroxide heated to 300° C. and 
zinc at room temperature appear to retain them best. 

Attention is called to the inadmissibility of using dry agents of 
different absorptive power in the same train, in positions where a 
difference could possibly affect results. 

Weighing of Tubes. — There is much greater difficulty in securing 
constant conditions when weighing absorption tubes than is usually 
considered to be the case. Electrical effects, caused by wiping as a 
preliminary to weighing, may occavsionally cause errors in weight 
running into the milligrams. The use of counterpoises of equal 
volume and similar material and shape is recommended. 

If tubes are weighed full of oxygen, care is necessary to secure a 
uniform atmosphere in them. Even though the attempt is made to 
keep the apparatus always full of oxygen, some air is admitted when 
the boat is pushed into the combustion tube, and a much longer 
time is required to displace this than is usually allowed, unless the 
flow of oxygen during aspiration is rapid. The same is true if the 
tubes are weighed full of air by displacing the oxygen left in them 
after the steel is burned. Another source of error may arise from the 
air admitted when putting the boat into the tube, if this air contains 
much carbon dioxide, as is the case when a gas furnace is used. The 
boat is usually pushed at once into the hot furnace, and as combustion 
begins almost immediately, there is no opportunity for displacing 
this air before the steel begins to burn. 

Graphite in Iron 

Two grams of iron are dissolved in nitric acid (sp.gr. 1.20), using 
35 cc. and heating very gently. The residue is collected on an asbestos 
felt, washed with hot water, then with a hot solution of potassium 
hydroxide (sp.gr. 1.10), followed by dilute hydrochloric acid and 
finally by hot water. After drying at 100° C., the graphite is burned 
in the same manner as the total carbon, but without admixture of 
ferric oxide. * 
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MANGANESE IN IRON AND STEEL 
Ammonium Persulphate Method 

Small amounts of manganese may be determined colorimetrically 
by the persulphate method, provided the sample does not contain 
over 1.5% of manganese. 

Reaction. 2Mn(N03)2 + 5(NH4)2S2()8 + 8II2O 

= 5(Nir4)2S04 + 5H2SO4 + 4HNO3 + 2HMn04. 

0.1 to 0.2 gram of steel, according to the amount of manganese 
in the sample, is i)laced in a 10 in. test-tube and 10 cc. of nitric acid 
(sp.gr. 1.2) are added. The sample is heated in a water bath until 
the nitrous fumes are driven off and the steel is completely in solution. 
15 cc. of AgNOs sol. (1.5 g. per 1.) are added to the cooled sample, 
followed immediately with about 1 gram of ammonium persulphate 
crystals. The solution is warmed (80 to 90° C.) until the color com- 
mences to develop, and then for half a minute longer, and then 
placed in a beaker of cold water until the solution is cold. Compari- 
son is now made with a standard steel treated in the same way. The 
comparison being made exactly as indicated for determining carbon 
by the color method. See chapter on Carbon. 

Example. — If the standard, containing 0.6% Mn is diluted to 15 cc. 
each cc. * 0.04% Mn. If the samjde required a dilution of 20 cc. 
to match the standard, then 0.04 X 20 = 0.8%; Mn. 

Note. If preferred, the sample may be titrated with standard sodium 
arsenate, one cc. of wliich is equivalent to 0.1 per cent on basis of 0.1 gram 
sample. 


Lead Oxide Method (Deshey), 

Oxidation of the manganese in the steel is effected in a nitric acid 
solution by addition of red lead (or by lead peroxide) ; the lead per- 
oxide, formed, oxidizes the manganese nitrate to permanganic acid. 
The solution is now titrated with standard sodium arsenite, the 
following reaction taking place: 

2HMn04 -f SNasAsOa + 4HNO3 = 5Na3As04 + SHjO + 2Mn(N03)2. 

0.5 gram of steel is placed in a 150 cc. beaker and dissolved with 
about 30 cc. of nitric acid (sp.gr. 1.12). After violent action has 
subsided, the beaker is placed on a hot plate and when the iron has 
dissolved, 20 cc. of water added. The manganese is now oxidized by 
adding red lead in small portions at a time, until the solution appears 
brown with a pinkish purple foam on the surface. The solution is 
diluted with hot water until, the volume is about 100 cc. and then 
boiled for a few minutes. It is now placed in a dark closet to cool. 
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(A fresh batch of samples may be started in the meantime.) The 
solution is carefully decanted off from the peroxide, and with the 
washings of the peroxide residue, titrated with standard sodium ar- 
senite to the yellowish green end-point. The sodium arsenite is made 
by dissolving 4.96 grams of pure arsenous acid together with 25 grams 
of sodium carbonate in 200 cc. of hot water and the solution diluted 
to 2500 cc. The arsenite is standardized against a steel sample of 
known manganese content, or against standard permanganate solution. 

Bismuthate Method for Determining Manganese, Recommended 
by the U.S. Bureau of Standards 

This is the most accurate method for determining manganese in 
iron and steel. The procedure is as follows: 

Procedure. — One gram of drillings is dissolved in 50 cc. of nitric 
acid (sp.gr. 1.135) in a 200 cc. Krlenmeyer flask. Irons should be 
filtered. The solution is cooled, about 0.5 gram of sodium bismuthate 
is added, and it is then heated until the pink color has disappeared. 
Any manganese dioxide separating is dissolved in a slight excess of a 
solution of ferrous sulphate or sodium sulphite. The solution is boiled 
till free from nitrous fumes. After cooling to 15° C., a slight excess 
of bismuthate is added and the flask is shaken vigorously for a few 
minutes. Then 50. cc. of 3% nitric acid is added and the solution is 
filtered through asbestos. A measured excess of ferrous sulphate is 
run in and the excess titrated against permanganate solution which 
has been compared with the iron solution on the same day. A great 
many steels now carry small amounts of chromium as impurity. In 
such cases titration against arsenite .solution is recommended, or re- 
moval of the chromium by zinc oxide and subsequent determination of 
the manganese by the bismuthate method. 

Permanganate solutions arc standardized against sodium oxalate. 
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DETERMINATION OF PHOSPHORUS • 

The procedures outlined by the Bureau of Standards are generally 
used in steel works laboratories. 

(а) Preparation of Solution and Precipitation of Phosphorus. — Two 

grams of sample are dissolved in nitric acid (sp.gr. 1.135) and the 
solution is boiled until brown fumes no longer come off. Ten cc. of 
permanganate solution (15 grams to 1 liter) are added, and the 
boiling is continued. Sodium sulphite solution is added to dissolvel 
the oxide of manganese, and the solution is again boiled and then\ 
filtered. With irons the insoluble residue should be tested for phos^ ' 
phorus. After cooling the filtrate, 40 cc. of ammonia (sp.gr. 0.96) \ 
are added, the solution is agitated, and when the temperature is at \ 
40® C., 40 cc. of molybdate solution are added and the solution is 
shaken vigorously for five minutes. After settling out, the yellow 
precipitate is treated according to one of the following methods, 
b or f; 

(б) Alkalimetric Method. -The precipitate is washed with 1% 
nitric acid solution followed by 1% potassium nitrate solution until 
the washings are no longer acid. The precipitate is dissolved in a 
measured excess of standardized sodium hydroxide solution and titrated 
back with standardized nitric acid using phcnolphthalein. The solu- 
tions are standardized against a steel with a known amount of phos- 
phorus. 

(c) Molybdate Reduction Method. — The precipitate is washed ten 
to fifteen times with acid ammonium sulphate (see chapter on phos- 
phorus) or until the washings no longer react for iron or molybdenum. 

It is dissolved in 25 cc. of ammonia (5 cc, of ammonia of 0.90 sp.gr. to 
20 cc. of water). The filter is washed well with water and 10 cc. of 
strong sulphuric acid added to the filtrate, which is run through the 
reductor at once and titrated against a N/30 permanganate solution 
which has been standardized against sodium oxalate, as prescribed 
by McBride.^ 

1 Bull. Bur. Stds., 8, 641. J. Am. Chem. Soc., 34, 393, 1912. 



METALLURGICAL ANALYSIS 


333 


DETERMINATION OF SULPHUR 

Rapid-evolution Method. — Volumetric. — Five grams of iron or steel 
are placed in a 500 cc. Erleiimeyer flask, provided with a two-holed 
rubber stopper, through which passes a long-stem thistle tube reach- 
ing to the bottom of the flask, and a delivery -bulb condenser, connected 
by means of a rubber tube to an absorption bulb. (See sketch of 
apparatus in the chapter on Sulphur, volumetric methods.) 

About 25 to 35 cc. of an ammoniacal solution of cadmium chloride 
are placed in the absorption bulb, the apparatus connected and 
about 100 cc. of dilute hydrochloric acid (sp.gr. 1.1) poured through 
the thistle tube into the flask containing the drillings. The mixture 
is heated gently until the sample goes into solution and then boiled 
until steam escapes from the apparatus. The reagent in the absorp- 
tion bulb should remain alkaline, otherwise a loss of sulphur is apt 
to occur. 

The absorption bulb is now disconnected and the contents emptied 
into a 400 cc. beaker and the bulb washed out with dilute hydro- 
chloric acid after first rinsing out once or twice with water. The so^ 
lution is now diluted to about 300 cc., and if not already acid, is 
made so by addition of more hydrochloric acid. 

Two to 3 cc. of starch indicator are added and the mixture titrated 
with standard iodine, stirring constantly during the titration. A 
permanent blue color is the end-point sought. If much cadmium 
sulphide is present additional hydrochloric acid may be required. 

The number of cc. of iodine solution required multiplied by the 
factor of iodine to sulphur gives the amount of sulphur present in 
the sample taken. 

Notes. For a more complete description of the procedure see chapter on 
Sulphur. 

With certain pig irons low results are apt to be obtained by the evolution 
method. For su(;h the gravimetric method given is recommended. 

Gray iron will evolve all its sulphur as 11 aS, white iron, gray water-chilled 
iron, gives up only part of its sulphur by the evolution method. The method 
gives low results for high carbon steel. 

In place of absorbing the H2S in cadmium chloride, the Bureau of Stand- 
ards recommends absorption in an ammoniacal solution of hydrogen peroxide 
(6 cc. H2O2 3 7o + 25 cc. of NH4OH, sp.gr., 0.90). The sulphuric acid formed is 

5 itated from a slightly hydrochloric acid solution, by barium chloride and 
3d as BaSO^. Bureau of Standards Steel No. 8 (a) is recommended for 
standardizing the iodine or iodate. (See following method.) 

Optional Method. In place of the bulb for the CdCL solution an ordinary 
beaker may be ustKi with this solution (10 cc. CdCL sol. per 150 cc. H*0). 
The sulphide is now titrated, in presence of starch indicator, after acidifying 
with HCl by addition of potassium iodate (1,116 g. KIOs + 12 g. KI in 1000 cc. 
HiO). The reagent is standardized against a steel of known sulphur content. 
Each cc. is equivalent to .01% S on 5.0 gram sample. 
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Method by the U.S. Bureau of Standards. Gravimetric 
Sulphur by Oxidation 

Five grams of iron or steel are dissolved in a 400-cc. Erlenmeyer 
flask, using 50 cc. of strong nitric acid. A little sodium carbonate is 
added, the solution is evaporated to dryness, and the residue baked 
for an hour on the hot plate. To the flask 30 cc. of strong hydror 
chloric acid are added, and the evaporation and baking are repeatedj. 
After solution of the iron in another 30 cc. of strong hydrochloric 
acid and evaporation to a sirupy consistency, 2 to 4 cc. of the samd 
acid are added, followed by 30 to 40 cc. of hot water. The solution^ 
is then filtered and the residue washed with hot w'ater. The sulphur- 
is precipitated in the cold filtrate (about 100 cc.) with 10 cc. of a ^ 
10% solution of barium chloride. After forty-eight hours the precipi- 
tate is collected on a paper filter, washed first with hot acid (con- 
taining 10 cc. of concentrated hydrochloric acid and 1 gram of barium 
chloride to the liter) until free from iron and then with hot water till 
free from chloride; or, first wiih cold water, then with 25 cc. of 
water containing 2 cc. of concentrated hydrochloric acid to the liter. 
The washings are kept separate from the main filtrate and are evapo- 
rated to recover dissolved barium sulphate. 

With iron the paper containing the insoluble residue above men- 
tioned is put into a platinum crucible, covered with sodium carbonate 
free from sulphur, and charred without allowing the carbonate to 
melt. The crucible should be covered during this operation. Sodium 
nitrate is then mixed in and the mass fused with the cover off. An 
alcohol flame is used throughout. The melt is dissolved in water and 
evaporated with hydrochloric acid in excess to dryness in porcelain. 
The evaporation with water and hydrochloric acid is repeated to 
insure removal of nitrates. The residue is extracted with a few drops 
of hydrochloric acid and water, the insoluble matter is filtered off, 
and barium chloride is added to the filtrate. The barium sulphate 
obtained is added to the main portion. 

Careful blanks are run with all reagents. 
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DETERMINATION OF SILICON 

One gram of pig iron, cast iron, and high silicon iron, or 5 grams 
of steel, wrought iron, and low silicon iron are taken for analysis. 
(By taking multiples of the factor weight 0.4693, SiOa to Si, the 
final calculation is simplified.) The sample is placed in a 250 cc. 
beaker and 20 to 50 cc. of dilute nitric acid added. If the action is 
violent, cooling the beaker in water is advisable. When the reaction 
subsides, 20 cc. of dilute sulphuric acid, 1:1, arc added, the mixture 
placed on the hot plate and evaporated to dense white fumes. The 
residue is taken up with 150 cc. of water containing 2 to 5 cc. of 
sulphuric acid and heated until the iron completely dissolves. 

The solution is filtered and the silica residue washed first with hot 
dilute hydrochloric acid, sp.gr. 1.1, and then with hot water added in 
small portions to remove the iron sulphate. Tlie residue is now ignited 
and weighed as silica. 

If there is any doubt as to the purity of the silica, moisten the 
residue (in a platinum crucible) with strong sulphuric acid and add 
a few cc. of hydrofluoric acid (crucible cover full), evaporate to 
dryness, ignite and weigh. The loss of weight is due to silica. 

Note. If the ash is colorcnl by iron oxide, .silica is determined by difference 
after cxyielling the silica by adding 4 to 5 cc. of hydrofluoric acid and a few drops 
of sulphuric, taking to dryness and igniting the residue. 

The following acid mixtures are recommended by the U. P. Ry. For steel, 
wrought iron and low silicon iron, S parts by volume of UNOa, .sp.gr. 1.42; 4 
parts of cone. H-iSCh, sp.gr. 1.84; G parts HCl, sp.p. 1.2 and 15 parts by vol- 
ume of water. For dissolving pig iron, cast iron and high silicon iron, a mixture 
of 8 parts by volume of strong nitric acid and 5 parts of strong sulphuric acid, 
diluted with 17 volumes of water i.s used. 

Rapid Method for Determining Silicon in Foundry Work. Liquid 
iron, dropped into cold water from a ladle 3 ft. above the water, will 
form shot shaped according to forms re.sultiiig from its chemical con- 
stitution, silicon being an important factor. Round shot, concave 
upper surface, 1 to 3 in. in diameter, indicate over 2% silicon. Flat, 
or irregular shot indicate low silicon. Shot with elongated tails in- 
dicate very low silicon. 

Method of the U.S. Bureau of Standards for Silicon 

The insoluble residue obtained in preparing the iron or steel for 
the gravimetric sulphur determination is filtered off, ignited in plati- 
num, and weighed. Evaporation with a little hydrofluoric acid and 
1 drop of sulphuric acid and subsequent ignition gives by the loss of 
weight silica corresponding to the silicon of the sample. 

Other Methods for Determination of the Less Common Elements 
in Steel. — Other elements more commonly sought in alloy steel are 
copper, nickel, chromium, vanadium, tungsten, titanium and molybde- 
num. Methods for estimation of these elements are given in the chap- 
ters dealing with these substances. 
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Pb, at.wt. 207.2; sp.gr. 11.34; m.p. 327°; b.p. 1526° C; oxides, PbO, 
PbOs, Pb 304 . 

The determination of lead is required in valuation of its ores. It 
is determined in lead mattes; certain slags; drosses from hard lead; 
cupel bottoms ; skimmings ; lead insecticides (arsenate of lead) ; paint 
pigments such as white lead, red lead, yellow and red chromates, etc. 
It is determined in alloys such as solder, type mclal, bell metal, etc. 
The estimation is necessary in the complete analysis of a large number 
of ores, especially in minerals of antimony and arsenic. Traces of 
lead are determined as an impurity in certain food products. 

OCCURRENCE 

Lead is found native in comparatively small amounts and com- 
bined in a large number of minerals principally as a sulphide in 
galenite or galena. 

Minerals. — Native leady Pb, a soft, malleable, opaque mineral 
with metallic lustre; color and streak, lead-gray; usually in small 
plates or scales, or globular masses, embedded in other minerals; 
hardness 1.5, Occasionally alloyed with antimony or silver. 

Galenite y Galena y PbH, a soft, heavy, lead-gray mineral, with metallic 
lustre; opaque; brittle with cubic cleavage, sometimes in crystals, 
rarely fibrous or fine-grained; hardness 2.5. The granular variety (steel 
galena) usually carries silver, sulphide of cadmium, bismuth, antimony. 

Cerussite, PbCOa, an adamantine, silky-lustred mineral, white or 
colorless orthorhombic crystals, masses of interlaced fibres, compact 
or earthy; colorless, white, gray or colored by impurities; trans- 
parent to translucent; brittle; hardness 3-3.5. Silver often present. 

Anglesite, PbS04, a mineral with adamantine to vitreous lustre; 
transparent to opaque; colorless, gray, occasionally blue, green or 
yellow; white streak; brittle; hardness 3. 

Pyromorphitey Pb4(PbCl)(P04)3 a mineral with hexagonal prisms, 
branching groups in parallel position, also moss-like interlaced fibres, 
occasionally globular and reniform masses; color white, green, gray, 
brown, yellow orange, with white to yellow streak; resinous lustre; 
translucent to opaque; brittle; hardness 3.5-4, • 

Other Minerals — Minium, Pb804; Phosgenite, PbC03.PbCl2, Vanadi- 
mfe, Pb4(PbCl)(V04)s; CrocoHe, PbCrO^; Wulfenite, PbMo04; Clausthalite, 
PbSe. 

SUGGESTIONS TO STUDENTS 

For the gravimetric procedure determine lead by the chromate method, pap 
342. If a volumetric method is desired follow either the permanganate or the 
chromate-iodide method, pages 345, 348. 
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DETECTION 

For qualitative tests a small amount of the substance finely di- 
vided is dissolved in dilute nitric acid and tests made with tlie re- 
agents indicated. It is not necessary to get a complete solution of 
the substance, but the residue should be saved in case the teats of 
the acid extract are negative. 

Insoluble residues are fused with a mixture of sodium and potas- 
sium carbonates, the cooled mass extracted with hot water and the 
carbonate remaining dissolved in dilute nitric acid and tested for 
lead. This is unnecessary if the acid extract has proven the presence 
of lead. 

Hydrochloric acid precipitates from cold solution, sufficiently con- 
centrated, a white precipitate of lead chloride, PbCls, if lead is present. 
The precipitate dissolves on heating the solution, but on cooling 
needle-like crystals arc reprecipitated. 

Potassium chromate, added to the acid solution which has been 
neutralized with sodium or ammonium acetate, precipitates yellow 
lead chromate, practically insoluble in acetic, but soluble in strong 
mineral acids, soluble in excess of caustic soda. 

Sulphuric acid, produces a white precipitate of lead sulphate, 
PbS 04 , soluble in hot concentrated hydrochloric or sulphuric acids, 
soluble in sodium or ammonium acetates, sodium thiosulphate, and 
certain other salt solutions. Solubility is decreased by presence of sul- 
phuric acid and alcohol. 

Hydrogen sulphide produces a black precipitate of lead sulphide, 
PbS, soluble in dilute nitric acid. If the gas is added to a nitric acid 
solution free sulphur will first precipitate. Lead sulphide is converted 
to sulphate by strong nitric acid.^ 

Sodium carbonate, precipitates white lead carbonate, PbCO«, in- 
soluble in excess of the reagent, soluble in acetic acid. A solution 
of sodium carbonate poured over lead sulphate will transpose it to 
carbonate, sodium sulphate passing through the filter. The carbonate 
should be in large excess. 

Zinc added to a solution of lead will precipitate spongy metallic 
lead. 

Note. Galena and sulphides may be prepared for the tests by treating with 
nitric acid, evaporating to dryness after adding a few drops of dilute sulphuric 
acid and extracting the residue with sodium or ammonium acetate solution. 
The extract is tested for lead, by addition of potassium dichromate solution. 

^ Lead precipitates best from solutions containing 1 cc, of concentrated 
free hydrochloric acid (sp.gr. 1.19) for each 100 cc. of solution. TTio sulphide 
• is appreciably soluble if the acidity is increased to 3 cc. of HCl per 100 of 
BoluUon. 
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Dry tests 

The powdered substance mixed with 5-6 times its bulk of sodium- 
potassium carbonate and heated on charcoal in the reducing flame 
yields a bead of metallic lead, which marks paper, the incrustation 
of the lead oxide on the charcoal is yellow. 

An asbestos fibre dipped in the substance moistened with hy-j 
drochloric acid and held in the oxidizing flame of the Bunsen burner 
tinges the flame a faint blue. ^ 
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METHODS FOR DETERMINING LEAD 

Preparation and Solution of the Sample 

In dissolving lead, its alloys, or ores the following facts will be 
recalled. Hot, dilute nitric acid is the best solvent of the metal. 
Lead nitrate is insoluble in concentrated nitric acid, but dissolves 
readily upon dilution with water. The metal is insoluble in dilute 
sulphuric acid, but dissolves in the hot, concentrated acid. Although 
not soluble in dilute hydrochloric, it dissolves in the hot, concentrated 
acid, especially in presence of the halogens chlorine, bromine and 
iodine. The metal is soluble in glacial acetic acid. The salts are 
soluble in hot, dilute nitric acid. In dissolving sulphide ores it should 
be kept in mind that strong nitric acid will form some lead sulphate 
which will be precipitated upon dilution of the solution. Oxidation is 
less apt to occur with the dilute acid. Silicates and slags require 
fusion with sodium carbonate and potassium carbonate. The cooled 
mass may then be extracted with hot water to remove silica and the 
residue containing the carbonates of the heavy metals dissolved in 
dilute nitric acid. Lead salts arc soluble in ammonium acetate. 

Ores 

Oxides, Carbonates. — The substances are generally soluble in 
dilute nitric acid; the substance should be finely divided. 

Sulphides. — It is often advisable to start with hydrochloric acid 
to expel the hydrogen sulphide and follow this with nitric acid, or 
the ore may be treated with a mixture of sulphuric and nitric acids 
in the proportion of 1 : 3, and after the violent action has ceased (beaker 
covered) if silica is present a little hj^drofluoric acid, in an amount 
that would fill a platinum crucible cover, is added. The mixture is 
evaporated to sulphuric acid fumes (hood) then diluted with distilled 
water (about 100 cc.) and digested on a steam bath or hot plate until 
the soluble salts are in solution. The lead sulphate is filtered off, and 
washed with dilute sulphuric acid (1:15). The residue is dissolved 
in sodium or ammonium acetate and determined by one of the pro- 
cedures under the methods. 

Silicates and Slags. — These may be decomposed by fusion with 
sodium and potassium carbonates. The mass is extracted with water 
and the residue containing the lead is dissolved in dilute nitric acid. 

If preferred the silicates may be decomposed by treating with 
hydrofluoric a(yd and sulphuric acid. The solution is evaporated to 
white fumes and the lead sulphate taken up with water, filtered off, 
washed with dilute sulphuric acid and finally once with water (pref- 
•erably containing about 25-50 per cent of alcohol). The sulphate is 
then extracted with acetate, lead going into solution. 

Alloys. — These are best decomposed by treatment with dilute 
nitric acid. The lead may be subsequently converted to sulphate by 
addition of sulphuric acid. 
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Methods of Isolating Lead 

Separation of Lead as Sulphate. — Lead is most frequently separated 
from other metals by precipitation as sulphate, PbS 04 , according to 
the details given under “ Preparation and Solution of the Sample.*' 

In the presence of much bismuth or iron it is necessary to wash the 
precipitate with a 10% sulphuric acid solution to keep the bismuth in/ 
solution and to prevent the formation of the difficultly soluble basic! 
ferric sulphate. In absence of appreciable amounts of these elements'! 
the lead sulphate is more completely separated by adding to the dilute \ 
sulphuric acid solution an equal volume of alcohol, filtering and wash- \ 
ing the residue with 50% alcohol. \ 

Separation of Lead from Barium. — In the analysis of minerals \ 
containing barium, the insoluble sulphate, BaS 04 , will be precipitated 
with lead. Since barium sulphate is slightly soluble in ammonium 
acetate it will contaminate the lead in the subsequent extraction by 
this reagent. The presence, however, of a little sulphuric acid renders 
this solubility practically negligible. The sulphuric acid should not 
exceed 1-2% in the ammonium acetate reagent, as lead sulphate will 
precipitate if sufficient sulphuric acid is added to the acetate extract. 
(Lead sulphate is precipitated almost completely if the acetate solution 
contains 10% of sulphuric acid.) 

Lead may be separated from barium sulphate by digesting the 
mixed sulphates with ammonium carbonate solution, whereby the 
lead sulphate is transposed to lead carbonate and ammonium sulphate, 
while barium sulphate is not changed. The soluble ammonium sul- 
phate may be washed out with ammonium solution followed by 
water. Since lead carbonate is slightly soluble in the ammonium salt, 
the filtrate is treated with hydrogen sulphide and the dissolved lead 
recovered as PbS. The residue containing lead carbonate and barium 
sulphate is treated with dilute nitric or acetic acid. Lead passes into 
solution, while barium sulphate remains insoluble. 

Extraction of Lead from the Impure Sulphate by Ammonium 
Acetate. — The filter containing the impure sulphate, obtained by one 
of the procedures for solution of the sample, is placed in a casserole 
and extracted with about 50 cc. of hot, slightly ammoniacal ammonium 
acetate, the stronger the acetate the better. The clear liquid is de- 
canted through a filter and the extraction repeated until the residue 
is free from lead (i.e., no test is obtained for lead with K 2 Crs 07 ). 

A very effective method of extraction is by adding solid ammonium 
acetate directly to the sample on a filter and pouring* over it a hot 
solution of ammonium acetate. The filtrate containing the pure lead 
acetate solution may now be examined by one of the following pro- 
cedures. (For isolation of minute quantities see page 356.) 

Lead sulphate containing arsenic should be dissolved in ammonium 
acetate, the extract made alkaline and lead precipitated as PbS. 
Arsenic remains in solution. * 
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GRAVIMETRIC METHODS 

DETERMINATION OF LEAD AS THE SULPHATE, PbS04 

Procedure. — The sample having been dissolved according to a 
method outlined, the lead precipitated as PbS04 by addition of an 
excess of sulphuric acid, and taldng to SO3 fumes, the lead sulphate 
is filtered off, after cooling and diluting the sample. The PbS04 is 
washed with water containing 10% of H2SO4 until free from soluble 
impurities. If insoluble sulphates or silica are present the lead must 
be purified. If such impurities are known to be absent (alloys), the 
sulphate may be filtered directly onto an asbestos mat in a tared 
Gooch crucible, dried, then ignited to dull red heat, cooled and finally 
weighed as PbS04. In the analysis of ores, however, it is generally 
advisable to purify the sulphate. 

Purification of Lead Sulphate. — Details of the procedure have 
been given under Separations — Extraction of Lead from the Impure 
Sulphate. The lead sulphate having been brought into solution by 
extraction with strong ammonium acetate solution, the excess acetic 
acid is volatilized by evaporation, the residue cooled and diluted with 
water. An excess of sulphuric acid is added and the precipitated 
sulphate is filtered off, washed with dilute sulphuric acid and alcohol, 
dried at about 110° C., or if preferred by ignition at dull red heat, 
and weighed. 

PbS04 X 0.GS31 - Pb. 

Notes. Lead sulphate may be precipitated from ammonium acetate solu- 
tion by adding sulphuric acid until the .solution contains approximately 10 % 
of H 2 S 04 . 

An acetate extraction may not be necessary, as is generally the case in the 
analysis of alloys. In analysis of ores, however, PbSOi may be contaminated 
by sulphates of the alkaline earths and by silica. The difficultly soluble oxides 
of iron and alumina may also be present. 

If arsenic is in the sulphate it will pass into the filtrate with the lead. 
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DETERMINATION OF LEAD AS THE CHROMATE, PbCrOi 

This excellent method is applicable to a large class of materials 
and is of special value in precipitation of lead from an acetic acid so- 
lution, the method depending upon the insolubility of lead chromate 
in weak acetic acid. 

Procedure. — The solution of the sample, precipitation of the lead 
as the sulphate and extraction of lead with ammonium acetate have 
been given in detail. 

The filtrate, containing all the lead in solution as the acetate, is 
acidified slightly with acetic acid and heated to boiling. Lead is pre- 
cipitated by addition of potassium dichromate solution in excess 
(10 cc. of 5% K 2 Cr 207 solution are generally sufficient). The solution 
is boiled until the yellow precipitate turns to a shade of orange or 
red.^ The precipitate is allowed to settle until the supernatant solu- 
tion is clear. (This should appear yellow with the excess of dichro- 
mate reagent.) The PbCr 04 is filtered onto an asbestos mat in a 
fared Gooch crucible, washed with water, dried in an oven at about 
110° C. and the cooled compound weighed as PbCr 04 . 

Pl)Cr ()4 X 0.f)41 = Pb. 

Notos. Impurities, such as iron, copper, cadmium, etc., in the acetate 
solution of lead seriously interfere in the chromate precipitation. These should 
be leached out with water containing a little sulphuric acid before extracting the 
lead sulphate with ammonium acetate. 

* The yellow precipitate gives high result,s, since it is difficult to wash. The 
crystalline orange or red compound may be quickly filtered and washed. 



METALLURGICAL ANALYSIS 


343 


DETERMINATION OF LEAD AS THE MOLYBDATE, PbMoOi 

This method is rapid and has the following advantages: 

a. The sulphation of lead is avoided, b. The acetate extraction 
is eliminated, c. The precipitate may be ignited. d. The ratio of 
lead to its molybdate compound is greater than either lead to PbS 04 
or to PbCr 04 , lessening the chance of error through weighing. 

Cobalt, calcium, strontium and barium have little effect in presence 
of ammonium acetate. In absence of this salt they interfere slightly. 

Procedure. — The ore or alloy is decomposed with nitric acid or 
aqua regia as the case may require. (Silica if present is eliminated 
by taking to dryness, dehydrating, taking up with dilute nitric acid 
and filtering.) To the clear liquid ammonium chloride is added and 
then sufficient ammonium oxalate to destroy the excess of free nitric 
acid. 

Lead is now precipitated by adding 20 to 30 cc. of ammonium 
molybdate (4 grams per liter + acetic acid) stirring the mixture during 
the addition. After l)oiling for two or three minutes the precipitated 
lead molybdate is allowed to settle, then filtered through pulp, washed 
with small ])ortions of hot water and ignited over a Bunsen burner. 

The cooled residue is weighed as PbMo 04 . PbMo 04 X 0.5642 = Pb. 

Notes. If antimony or other members of the group are preseii^t in the 
original sample it is advisable to di.s.solve the residue in HC-l and reprccipitate 
the lead with molybdate reagent. 

If lead is in the form of the suliihide, as may be the case in a com- 
plete analysis of a substance, it is decomposed with hot dilute HNO3 and pre- 
cipitated as PbMoOi. 
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Electrolytic Determination of Lead as the Peroxide, Pb02 

An electric current passed through a solution of lead containing 
sufficient free nitric acid will deposit all the lead on the anode as lead 
peroxide. The method is excellent for analysis of lead alloys. If 
copper is present it will be deposited on the cathode. 

Procedure. — The sample containing not over 0.5 gram of lead is 
brought into solution by heating with dilute nitric acid, 1:1. The 
solution is washed into a large platinum dish with unpolished inner 
surface. Twenty to 25 cc. of concentrated nitric acid (sp.gr. 1.4) are 
added and the solution diluted to about 150 cc. 

The sample is electrolyzed in the cold with 0.5 to 1 ampere current 
and 2 to 2.5 volts, the platinum dish forming the anode of the circuit, 
a spiral platinum wire or a platinum crucible dipped into the solution 
being the cathode. Three hours are generally sufficient for the depo- 
sition of 0.5 gram of Pb. Overnight is advisable, a current of 0.05 
ampere being used. 

A rapid deposition of the lead may be obtained by heating the solution to 
60 to 65° C. and electrolyzing with a current NDioo » 1.5 to 1.7 amperes, the 
E.M.F. varying within wide limits. Stirring the solution with a rotating cath- 
ode aids in the rapid deposition of the PbOz. 

To ascertain whether all the lead has been removed from the solution, 
more water is added so as to cover a fresh portion of the dish with water. The 
electrolysis is complete if no fresh deposition takes place after half an hour. 

The water is siphoned off while more water is being added until the acid 
is removed, the current is then broken, the dish emptied of water and the de- 
posits dried at 180° C. and weighed as Pb 02 . 

The deposit of lead peroxide gently ignited forms lead oxide, PbO. 

PbOa X 0 8662 Ph. FbO x 0.0283 = Pb. 

The deposits of lead oxide or peroxide may be removed by dissolving off 
with warm dilute nitric acid. 
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VOLUMETRIC METHODS FOR DETERMINING LEAD 

THE CHROMATE-IODIDE METHOD FOR THE VOLUMETRIC 
DETERMINATION OF LEAD 

The method depends upon the action of chromates on potassium 
iodide with a resulting liberation of an amount of free iodine in 
direct ratio to the chromate present, which in turn is a measure of 
the amount of lead isolated as lead chromate. The liberated iodine 
is determined by titration with a standard solution of thiosulphate. 
The discussion of the reactions that take place, with equations, are 
given in the notes that follow the directions of the method. 


Solutions Required 

Sodium Acetate Extraction Solution. — A saturated solution of 
sodium acetate, filtered to remove foreign matter if present, is diluted 
with twice its volume of distilled water and 30 cc. of 80 per cent 
acetic acid is added per liter of solution. ' 

Hydrochloric Acid Mixture. — To a liter of saturated salt solution, 
filtered if necessary, is added 150 cc. of distilled water and 100 cc. of 
concentrated hydrochloric acid. 

Potassium Dichromate. — Saturated solution, filtered if not clear. 

Starch Solution. 

Procedure. — 1. Solution of the Sample. Half a gram of the finely 
divided material, (if the factor weight 0.6907 g. is taken 1 cc. N/10 
reagent in final titration is equivalent to about l.% Pb) is dissolved 
in a beaker or a flask (Low’s type) by adding 20 cc. of strong hydro- 
chloric acid and heating gently until the action subsides. If the de- 
composition is incomplete about 5 cc. of nitric acid are added and the 
heating continued. 

2. About 5 cc. of sulphuric acid are added and the solution evapo- 
rated to strong fumes. After cooling about 50 cc. of water are added 
and the solution is boiled to dissolve the soluble salts. If the ore is 
low grade 5-10 cc. of ethyl alcohol are now added, the precipitate is 
allowed to settled and then washed by decantation three or four 
times with 1: 15 sulphuric acid (i.e. about 10% solution), and finally 
transferred to the filter with the dilute acid and washed once with 
pure cold water. 

3. By means of a fine jet from a wash bottle (500 cc.) filled 
with sodium acetate extraction reagent, heated to near boiling the 
precipitate is transferred to the beaker or flask in which the precipita- 
tion was made. This may be done by carefully spreading out the 
filter in the funnel or by breaking the filter and washing the paper 
free of the lead sulphate with a fine stream of the reapnt. If the 
precipitate does not go into solution more of the acetate is added and 
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heat gently applied until it dissolves. The solution is now diluted 
to 150 cc., heated to boiling and 10 cc. of the saturated dichromate 
solution added and the boiling continued ten minutes. The yellow 
color of the lead chromate precipitate changes to red. This is im- 
portant to obtain a precipitate of definite composition. 

4. The precipitate is filtered, the containing vessel washed out 
with hot dilute sodium acetate wash solution (50 cc. of the extraction 
solution diluted to 1000 cc.) and the precipitate washed ten times 1 
with the reagent. 

5. The original beaker or flask is now placed under the funnel and 
the lead chromate is dissolved on the filter by adding cold dilute 
hydrochloric acid mixture, stirring up the precipitate with a jet of 
the reagent, adding the acid until all of the chromate has dissolved 
and the color has been completely removed from the filter. At least 
60 cc. of the reagent should be used. 

6. For low grade ores the entire solution is taken and treated 
with potassium iodide solution; in case of high grade ores, about 
half the solution is set aside in reserve, and upon completing the 

, titration of the first portion, the reserve is added and the titration 
completed. This precaution is taken because a loss of iodine is apt to 
occur if much iodine is liberated at one time, free iodine being apt to 
escape as vapor from the easily saturated solution. (The solution is 
a poor solvent of iodine). To the solution are added 5 cc. of 25% 
potassium iodide and the liberated iodine is titrated with N/10 sodium 
thiosulphate until the iodine color begins to fade; starch solution is 
now added in sufficient quantity to produce a distinct blue color 
and the titration continued until the blue color changes to pale green. 

A background of while assists in recognition of the end-point. 
A sheet of white paper placed under the beaker will do, if the base 
of the stand is not already white. 

Standardization of the Thiosulphate. — This is best standardized 
against metallic lead. 0.6907 gram of pure lead should require 100 cc. 
of N/10 thioBiflphate. 0.2 gram of lead is taken or a fraction of 
the factor weight (0,6907). The lead foil is dissolved in dilute nitric 
acid, (1:2), the nitric acid expelled by taking to fumes with 5 cc. of 
sulphuric acid, and the residue taken up with water and treated 
exactly according to the method outlined in steps 2-6 of the regular 
procedure. 1 cc. of N/10 thiosulphate is equivalent approximately to 
0.0069 gram of lead. 

Standardization against permanganate or dichromate — see the 
chapter on preparation of Reagents. ’ 

Notes. — Tf barium is present in the sample, the residue left from the 
acetate extraction may contain lead. This is treated with about 10 cc. of strong 
hydrochloric acid, evaporated to dryne^, 25 cc. of the acetate reagent added, 
the mixture boUed. filtered and the residue washed. The filtrate contains the 
lead that remained with the residye. 

In considering the reactions that take place it must be remembered that it 
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is the combined chromate radical that is responsible for the liberated iodine. 
(See Introduction §25). The graphical formulae represent what takes place; 

(a) KaCrA (or K20.CrA.30)+6Kl « 3KjO + 61. 

(b) 2 K 2 Cr 04 (or (K 2 O) 30) + 6Kl = 3K20 + t)l. 

(c) 2 PbCr 04 (or (rbO )2 CraOa 30)+6Kl = aKaO+bl. 

It is evi(lent that Pb is equivalent to 3 I. Therefore a normal equivalent 
of Pb is iof its atomic weight, 207.2 divided by 3 = 00.07, hence 1 cc. of a N/10 
solution will titrate iodine equivalent to .006907 g. Pb. 

Since Fe equivalent is 55.84, Fe to Pb « 69.07 divided by 55.84 = 1.237. 

Reactions. 

( 0 ) 2Pb(C2H302)2 + KaCm + II 2 O = 2 PbCr 04 -f 2 KC 2 H 3 O 2 + 2 HC 2 H 308 . 

(b) 2 PbCr 04 + OKI + 16HC1 - 2 PbCl 2 + 6KC1 + 2CrCL + 8 H 2 O + 61. 

(c) 61 + 6 Na 2 S 203 = ONal + 3 Na 2 S 406 . 

Volumetric Determination of Lead by the Molybdate Method 

Lead is precipitated as molybdate from an acetic acid solution by a .standard 
molybdic solution, the termination of the reaction being recognized by the 
yellow color produced by the excess of molybdic reagent when a drop of the 
mixture comes in contact with a drop of tannin solution used as an outside 
indicator. 
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THE PERMANGANATE METHOD FOR LEAD > 

Procedure. — Decompose 0.5 gram of the ore in an 8 oz., pear- 
shaped flask. See Introduction 1( 24, page 42. The treatment may usu- 
ally be a very gentle boiling with 10 cc. of hydrochloric acid for a short 
time, then adding 5 cc. of nitric acid and continuing the gentle boiling 
until decomposition is complete. Now add 6 cc, of sulphuric acid and 
boil over a free flame to strong fumes. Allow to cool. 

Add 100 cc. of cold water and 5 cc. of sulphuric acid and heat to 
boiling. Remove from the heat, add 10 cc. of alcohol (cautiously) 
and cool under the tap. 

Fold a 9 cm. filter with particular care to creasing the fold that 
will come next to the precipitate as thin as possible, so that it will lie 
flat and not easily allow material to get under the edge. Filter the 
mixture through tliis. Return the first portions of the filtrate if not 
clear. Wash six times with cold w^ater containing 10% of alcohol. 
Any trace of lead sulphate rema>rang in the flask will be recovered 
subsequently. 

With a jet of hot water, using as little as possible, rinse the pre- 
cipitate from the filter, through a short funnel, back into the flask. 
(In the known or assumed presence of barium, interpolate the follow- 
ing short procedure; Add 10 cc. of hydrochloric acid and boil over a 
free flame almost to dryness. Allow to cool, add 20 cc. of water and 
a few drops of ammonia, sufficient to neutralize the acid.) Place 
the flask again under the original funnel and pour through the filter 
10 cc. of a cold saturated solution of ammonium carbonate. Remove 
the flask and heat the contents just to boiling, then cool completely 
under the tap. Pour the cold mixture through the original filter. 
Wash out the flask well with cold water, pouring through the filter, 
and then wash filter and precipitate ten times with cold water contain- 
ing about 5% of the ammonium carbonate solution. Reject the filtrate. 

Again using a jet of hot water, wash the precipitate from the filter 
into a small beaker. Add 5-6 cc. of glacial acetic acid and heat to 
boiling. Replace the flask under the funnel and pour the hot acid 
mixture through the filter. Wash out the beaker with hot water and 
then wash the filter 10 times with hot water slightly acidulated with 
acetic acid. (Small amounts of lead carbonate may be dissolved 
directly upon the filter.) 

Add to the filtrate 10 cc. of a cold saturated solution of oxalic 
acid, heat to boiling and then cool completely under the tap. Be 
particular to get as cold as possible. Now filter the ‘lead oxalate 
through a 9-cm. filter. Using cold water, wash out the flask thor- 
oughly and then wash the precipitate ten times. 

Place about 25 cc. of cold water in the flask, add 5-6 cc. of sul- 
phuric acid and then about 100 cc. of hot water. Drop the filter 

1 By Albert H. Low, Colorado School of Mines. 
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and precipitate into this. Wipe out any lead oxalate adhering to the 
funnel with a small piece of dry filter paper and drop into the flask. 
Heat the acid mixture nearly to boiling and then titrate it with 
standard potassium permanganate solution to a faint pink tinge. 
Calculate the result from the known lead value of the permanganate.^ 

1 Theoretically, 1.857 times the iron factor will give the lead factor. Owing 
to slight losses of lead an empirical factor must be used. This is 1.879 times 
the iron factor. The permanganate may be standardized directly on lead as 
follows: Convert about 0.2.50 gram of pure lead foil to sulphate by boiling with 
6 cc. of sulphuric acid. Continue aceording to the above entire process. Finally, 
divide the percentage value of the lead taken by the cc. of ^rmanganate re- 
quired, t/O obtain the percentage value of 1 cc. in lead. 
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INDUSTRIAL PRODUCTS AND RAW MATERIALS 
Analysis of Metallic Lead 

Determination of Impurities in Pig Lead — Complete Analysis.^ -y 

The following substances are generally estimated in the complet^ 
analysis of lead: silver, bismuth, copper, cadmium, arsenic, antimony! 
tin, iron, cobalt, nickel, manganese and zinc. \ 

Determination of Silver. — This is determined by assay of 100 \ 
grams of lead. The substance is i)laced in a 3 in. scorifier and heated \ 
in a muffle furnace until the assay “ covers.” It is tlien poured into \ 
a mould, allowed to cool and the button tlius obtained again scorified 
until a final button weighing about 20 grams is obtained. This is 
cupeled and sih-er determined as usual. If the silver bead is large it 
should be parted for gold. 

Determination of Bismuth. - In det(irmining bismuth three cases 
arise. A. The ordinary method. B. Procedure for determining 
minute amounts of bismuth. C. Method in presence of comparatively 
large amounts of antimony and tin. 

A. Twenty grams of lead are dissolved in 100 cc. of hot dilute 
nitric acid (1:4). If the solution is complete, dilute ammonium hy- 
droxide is added, drop by drop, until a faint opalescence is observed 
in the solution. If a prociyutate is formed, this must be dissolved by 
addition of nitric aci(l and the ammonia treatment repeated. Now 
5 cc. of dilute hydrochloric acid are added (1 : 9) and the solution 
diluted to 400 cc. and hcateid to boiling. The bismuth oxy-chloride 
is allowed to settle on the steam bath for several hours, the clear 
solution is then decanted through a 7 cm. filter (medium grade), 
the precipitate transferred to the paper and washed with hot water. 
(The solution is refiltered if cloudy.) The precipitate is dissolved with 
5 cc. of hot hydrochloric acid (1:9), the acid being added around the 
edge of the filter with a pipette. The paper is washed and the solution 
diluted to 400 cc. and brought to boiling. The preciffitate is filtered 
into a weighed Gooch crucible, washed several times with water, then 
once with alcohol and finally with ether. It is dried in the oven and 
weighed as BiOCl. 

BiOCl X ,802 = Bi. 

B. Determination of minute amounts of bismuth is made as 
follows: 100 grams of lead are dissolved in 500 cc. of dilute nitric 
acid (1:4), and the cooled solution treated with sufficient saturated 
solution of sodium carbonate to produce a heavy precipitate. After 
settling, then decanting off the clear solution, the precipitate is filtered 
onto a filter and drained. Without washing, this is dissolved with the 

1 Method of the Nalional Lead Company, modified. 
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least amount of nitric acid that is required. The solution is then 
neutralized with ammonia as before (method A), litmus paper being 
used as an indicator, and bismuth determined as directed under the 
first procedure. 

C. In presence of considerable amounts of antimony and tin, the 
bismuth is precipitated as in case A, the precipitate dissolved in hot 
hydrochloric acid (1: 2), and the solution diluted to 200 cc. The sul- 
phides of antimony, tin, etc., are precipitated with H^S, antimony 
and tin dissolved out with a solution of potassium hydroxide and 
sulphide water (1 part of 20% KOH to 4 parts of H 2 S water), and 
the residue washed. This is dissolved in 20 c(!. of hot nitric acid 
(1:4), and bismuth determined as usual in the filtrate. 

Determination of the Remaining Elements. — 222.23 grams of 
the sample of lead arc dissolved in 1100 co. of dilute nitric acid 
(1 : 4) in a large beaker. If the solution is turbid, ap])rcciable amounts 
of antimony and tin are indicated with possible sulphur combined as 
PbS 04 . In this case it is filtered into a 2000 cc. flask. If the solution 
is clear it is transferred directly to the flask. 

Residue I. May contain As, Sb, Filtrate I. Contains all the ele- 
Sn, PbS 04 . ments present in the sample. 

Residue L — The residue and filter is treated with 20 cc. of tartaric 
acid mixture (50 grams of tartaric acid, 250 cc. of water and 250 cc. of 
concentrated hydrochloric acid). After boiling, the mixture is digested 
on the steam bath for half an hour, then 50 cc. of hot water added 
and the solution hltered. The filter paper is ignited and any residue 
is dissolved by fusion with 1 gram of potassium hydroxide in a silver 
dish. The water extract of this fusion is added to the tartrate solu- 
tion. Now ammonia is added until the solution is alkaline and then 
hydrochloric acid until it is slightly acid. Hydrogen sulphide is now 
passed in to saturation, the preeijntate digested on the steam bath for 
fifteen to twenty minutes and hydrogen sulphide again passed into 
the solution about fifteen minutes. The suli)hideB are filtered off, 
arsenic, antimony and tin sulphides dissolved with 5 cc. (1 : 5) po- 
tassium hydroxide in 25 cc. of saturated H^S water. The solution is 
diluted to 111 cc., and 100 cc. — equivalent to 200 grams of sample — 
preserved for subsequent analysis. Tliis solution is marked “ Extract 
C," 

Filtrate I. — This solution, containing practically all of the ma- 
terial, is treated with 150 cc. of dilute sulphuric acid (1: 1), and the 
solution made to volume — 2000 cc. It is now transferred to a 3 liter 
flask, the graduated flask rinsed out into the main solution with 50 cc. 

• of water. (The PbS 04 precipitate is found to occupy space of 50 cc.) 
When the precipitate has settled, 1800 cc. are decanted off. This 
represents 200 grams of the sample. The solution is boiled down 
in a No. 9 porcelain evaporating dish, heating first over the free flame 
and finally on the steam bath until only a moist residue remains. 
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Fifty cc. of water is added, the residue transferred to a beaker and 
digested for several hours, preferably overnight, and then filtered. 

Residue II. This may contain Filtrate II. This may contain 

PbSO*, As, Sb, Sn salts. Cu, Bi, Cd, Sn, Sb, As, Fe, Co, 

Ni and Zn. I 

Residue II. — This is treated as has been described for residue L 
The entire solution is added to the Extract C. The residue, consistina 
of PbS04, is rejected. \ 

Filtrate II. — Tliis is made neutral with ammonium hydroxide and \ 
then concentrated hydrochloric acid added in such an amount that \ 
the solution will contain 4% of free acid. (HCl, sp.gr. 1.2, 4 cc. per 100 
of solution.) Hydrogen sulphide is now passed into the hot solution 
until it is saturated, the precipitate settled on the steam bath for 
half an hour and hydrogen sulphide again passed in for fifteen minutes. 
The precipitate is filtered off and washed with HaS water slightly 
acidified with hydrochloric acid. 

Residue III. May contain CuS, Filtrate III. May contain ions 

31283, CdS, AS2S3, Sb283, SnS. of Fe, Al, Co, Ni, Mn and Zn. 

This filtiate is marked ‘‘ B.'* 

Residue III. — The sulphides are extracted with potassium hy- 
droxide and hydrogen sulphide solution. This dissolves out arsenic, 
antimony and tin. This extract is combined with the extract marked 
‘‘ C.” 

The residue remaining is marked “ Residue A." 

The constituents of the sample have now been isolated in the 
groups. 

Residue “ A ” contains the sulphides of copper, bismuth and 
cadmium. 

Filtrate “ B ” contains such elements as do not precipitate as 
sulphides in acid solution — iron, aluminum, manganese, cobalt, nickel 
and zinc. 

Extract ** C ” includes the elements arsenic, antimony and tin. 


Determination of Arsenic, Antimony, and Tin in Pig Lead 

The combined alkali sulphide solutions: “ Extract C ” is washed 
into a beaker and acidified with 20 cc. of nitric acid and 5 cc, of hy- 
drochloric acid. The solution is evaporated to dryness on the steam 
bath* The residue is dissolved in 200 cc. of water and 10 grams of 
oxalic acid added, together with 10 grams of ammonium oxalate, and 
the solution heated until clear. 

Hydrogen sulphide gas is now passed into the hot solution .for 
forty-five minutes. 



METALLURGICAL ANALYSIS 363 

Precipitftte. As-iSs^SbaSa. Filtrate contains Sn. 

Arsenic. — The precipitate containing arsenic and antimony is 
placed in a distilling flask, strong hydrochloric acid added and arsenic 
separated from antimony by distillation with a current of HCl gas 
according to the regular procedure. If a precipitate of arsenic sul- 
phide forms in the distillate, it is advisable to precipitate the arsenic 
as sulphide, oxidize the compound to form sulphate and arsenic acid 
and after reduction of the arsenic to titrate it with standard iodine. 
This oxidation may be accomplished before distillation with hydro- 
chloric acid. For details of the procedure see chapter on Arsenic. 

Antimony is determined in the residue in the flask by titration with 
N/10 potassium bromate or by the potassium iodide method. 

I. 2 KBr 03 + 2HC1 + = 2KC1 f 2HBr + SSbaOs. 

II. (a) SbaCL + 2KI = SbiCU + 2KC1 + I^. 

(b) I 2 "I" 2 Na 2 S 203 = 2NaI -|- Na2S40f5. 

For details of the procedure see chapter on Antimony. 


Detennination of Copper and Cadmium in Pig Lead 

The residue A ” is taken for this analysis. If copper exceeds 
0.0025% method I is used. If the copper percentage is below this 
amount the procedure IT is followed. 

Method 1. The residue is dissolved by heating with 20 cc. of nitric 
acid (1 : 4) and the solution filtered into a beaker. The filter is 
ignited and the residue dissolved in nitric acid (1 ; 1) and the solution 
added to the first portion. The volume should not exceed 100 cc. 
Ammonium hydroxide is added until the solution is strongly am- 
moniacal and then 5 grams of potassium cyanide. Hydrogen sulphide 
is passed into the cold solution to saturation, and the solution filtered. 

Precipitate = AgS, Bi^Ss, CdS. Filtrate = Cu in solution. 

The filtrate containing the copper is evaporated on the steam bath 
to a volume of 20 to 30 cc. in a 4 in. casserole. Now 20 cc. of sul- 
phuric acid (1:1) are added (hood), and the solution evaporated 
until SO 3 fumes are evolved. The cooled concentrate is diluted with 
water and filtered, if necessary. Three cc. of nitric acid are added 
per 100 cc, of* solution and the copper deposited by electrolysis ac- 
cording to the regular procedure and weighed as metallic copper. 
For detailed method see chapter on Copper. 

The precipitate containing silver, bismuth and cadmium is dis- 
solved in 20 cc. of nitric acid (1:4), 1 cc. of 1% sodium chloride 
solution is added, the solution digested half an hour and then filtered 
and the filter washed with water. • 
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Precipitate — AgCl, reject. Filtrate — Cd(N03)2 and Bi (N03)3. 


The filtrate is made slightly alkaline with sodium carbonate added 
in slight excess, and 5 grams of potassium cyanide are then added. 
After digesting on the steam bath for half an hour the solution is 
filtered and the residue washed with 5% sodium carbonate solution. 


Precipitate contains bismuth, re- Filtrate contains cadmium, 
jeet. 

The filtrate is now trcaled with a few cc. of ammonium sulphide^ 
and tJie yellow cadmium .suli)hide is filtered into a weighed Gooch 
crucible, then washed, dried and finally weighed as CdS. 

CdS X 0.778 = Cd. 


Method 11 . — Small amounts of copper. The filter containing the 
sulphides is ignited in a porcelain cruci]>le and the residue dissolved 
in 5 to 10 cc. of nitric acid (1 : 1), and the solution evaporated to 
pastiness. One cc. of sulphuric acid (1:1) is added together with a 
few drops of 10% sodium chloride solution and the mixture evaporated 
to SO3 fumes, the cooled product then diluted with water and filtered 
from the lead and silver preci])itates. 

Ammonia is now added to the filtrate together with 5 grams of 
potassium cyanide and CdS and Bi2Sa arc precipitated with ILS, as 
in case I, and filtered off. 


Precipitate — CdS and BiSz* 

Bismuth is removed as before 
and cadmium suli)hidc again 
precipitated and the compound 
titrated with N/10 iodine so- 
lution. 

1 cc. N/10 I = 0.005G2 gram Cd. 


Filtrate. The solution is made 
acid in tlie hood with H2SO4, 
then taken to SO3 fumes and 
copper determined by the po- 
tassium iodide method. 


Determination cf Iron, Cobalt, Nickel, Manganese and Zinc 
in Pig Lead 

Iron and Aluminum. — The filtrate “ B from members of the 
Hydrogen Sulphide Group is evaporated to 100 cc. and the iron oxidized 
with a few drops of nitric acid as usual. Iron (and aluminum) hydroxide 
is now precipitated by addition of ammonia. It is advisable to dissolve 
this precipitate in hydrochloric acid and reprecipitate the iron to re- 
cover the occluded manganese and zinc. The combined filtrates are 
reserved for the determination of the remainder of the elements. 
The hydroxide of iron is ignited and weighed as FeaOs. If alumina 
is suspected, the residue is dissolved in hydrochloric acid and iron 
determined volumetrically. •Fe^Oa thus obtained is subtracted from 
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the weight of the first determination, the difference being due to the 
alumina present. 

Fe 203 X 0.6994 = Fe Reciprocal factor == 1.4298 

AI 2 O 3 X 0.5303 = A1 Reciprocal factor = 1.8856 

Zinc. — The filtrate from iron precipitate is made neutral with 
hydrochloric acid and then 15 drops of 2N. ITCl added in excess and 
zinc precipitated in the j)ressure flask with HaS. (See illustration in 
the chapter on Arsenic.) The sulphide of zinc is filtered off, and either 
ignited to the oxide ZnO and so weighed or determined by a volu- 
metric procedure. See chapter on Zinc. 

ZiiO X 0.8034 = Zn. 

U 2 SO 4 X 0.6665 - Zn. 

Cobalt and Nickel. — These are best determined by electrolysis, 
being deposited from an ammonium sulphate solution. 

If a separation of the elements is desired the deposit is dissolved 
in acid, nickel determined by 0. Brunch’s dimcthylglyoxime method, 
and cobalt determined l)y difference. 

Manganese. — The solution from nickel and cobalt is taken to 
dryness, and the residue heated to expel the ammonium salts and 
destroy any organic matter present. This is taken up with a little 
hydrochloric acid, then 2 to 3 C(;. of sulphuric acid added and the 
mixture evaporated to SO 3 fumes to expel the hydrochloric acid. 
When nearly all the free acid is driven off, the moist residue, cooled, 
is treated with 50 cc. of nitric acid (I : 3), and manganese determined 
in the solution preferably by the bismuthate melhod. For minute 
amounts of manganese the colorimetric procedure is used. See chap- 
ter on Manganese. 

DETERMINATION OF LEAD PEROXIDE IN MINIUM 
(RED LEAD) 

Lead peroxide is reduced by oxalic acid according to the reaction: 

PbOa -h H2C2O4 = PbO + 2CO2 + H2O. 

The peroxide reduced by an excess of oxalic acid is determined by 
titrating this excess with standard potassium permanganate. 

Procedure. — About 0.2 g. of minium is heated with 25 cc. of 2N 
HNOa (one vofume of HNO 3 , sp.gr. 1.2, to two volumes of H 2 O) and 
then 50 cc. of N/5 oxalic acid added. The solution is heated to boiling 
•and the excess oxalic acid titrated with N/5 potassium permanganate. 
1 cc. of N/5 KMn 04 - .0239 g. PbO*. 
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DETERMINATION OF SMALL AMOUNTS OF LEAD 

The determination of minute quantities of lead is required in 
baking powders, canned goods and like products in which small amounts 
of lead are objectionable. Traces of lead ranging from 5 to 100 parts 
per million (0.0005 to 0.01 % Pb) are best determined colorimetricallw 
on 0.5 to 1 gram samples; larger amounts of lead should be deter-' 
mined gravimetrically. 

Gravimetric Methods for Determining Traces of Lead 

The determination of extremely small amounts of lead cannot be 
accomplished by the usual methods of precipitation, as the lead 
compounds remain in solution in a colloidal state. The addition, 
however, of certain substances, which form amorphous precipitates 
with the reagents used for iluowing out lead causes the removal of 
lead from the solution by occlusion. 


Precipitation of Lead by Occlusion with Iron Hydroxide 

Wilkie found that ferric hydroxide has the property of occluding 
lead, five parts of Fe(OH)8 removing one part of lead from solution. 
Advantage is taken of this property of iron hydroxide in precipitating 
small amounts of lead. 

Procedure. — The required amount of material is weighed out in 
50 gram lots and brushed into No. 8 beakers. If the material contains 
organic matter, it is treated with 200 cc. portions of concentrated 
hydrochloric acid, the mixture heated just below the boiling-point of 
HCl solution, and potassium chlorate added, a few crystals at a time, 
until the organic matter is decomposed (hood). If the material dis- 
solves in water, the water solution is treated with 5 cc. of concentrated 
hydrochloric acid and a few crystals of potassium chlorate and the 
liquor boiled. 

Addition of Ferric Iron. — If sufficient iron is not already present, 
ferric chloride is added in such quantity that the iron content of the 
sample will be from twenty to fifty times that of the lead (larger 
amounts of iron will do no harm) present in the solution. Five to 
10 cc. of concentrated nitric acid are added and the sample boiled for 
ten to fifteen minutes. 

Preripitation of Iron and Lead. — If , alumina is present, iron is 
precipitated by addition of a large excess of potassium hydroxide, the 
alumina going into solution as potassium aluminate. In absence of 
alumina, ammonia may by used to precipitate the ferric hydroxide. 
Lead is completely occluded by the precipitate and carried dov/n. 
The solution is filtered hot through large size rapid filters, threefold. 
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The filtering must be done quickly and the liquid kept hot to prevent 
clogging of the filters. 

Separation of Lead from Iron. The precipitate is dissolved in hot 
hydrochloric acid (free from lead). The solutions are combined, if 
several portions of the sample are taken. Concentrated sulphuric 
acid is added and the sample evaporated to small volume and heated 
until the white sulphuric acid fumes appear. The usual procedure is 
now followed for separation of the lead sulphate, acetate extraction 
of lead and final precipitation of lead chromate. 

PbCr04 X 0.641 = Pb. 

Note. In place of using alcohol to decrease the solubility of lead sulphate, 
many prefer to add sulphuric acid so that the acidity of the solution will be 
2-10% of free H 2 SO 4 . 
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COLORIMETRIC ESTIMATION OF SMALL AMOUNTS 
OF LEAD 

Estimation of small amounts of lead by the intensity of the brown 
coloration produced by the sulphide in colloidal solution and com-; 
parison with a standard solution is the principle of this methodj 
Details of the method are given in the author’s work — Standard 
Methods of Chemical Analysis. 

DIRECTIONS FOR THE USE OF ADUBOSCQ TYPE OF COLORIMETER 

The mirror is turned so that the two halves of the field appear to be equally 
illuminated with the cups clean and empty. The solutions arc then poured into 

the cups. The cup con- 
taining the standard so- 
lution is then lowered to 
a definite thickness of 
the standard solution 
between the bottom of 
the cup and the end of 
the plunger. With this 
movement the half of 
the field corresponding 
to the standard solution 
is seen to darken, while 
the other half remains 
luminous and colorless. 
If the cup containing 
the unknown solution is 
now moved in its turn, 
the two halves of the field 
ar(! brought to the same 
intensity, after which the 
height at which the two 
liquid columns display 
this equal absorptive 
power is read by means 
of this scale. The pro- 
portion of coloring mat- 
ter in two solutions is in- 
Fig, 86. — Colorimeter. versely proportional to 

By courtesy of the Artfiur H. Thomas Company, Philadelphia, Pa. the heights of the twO 

columns necessary to ob- 
tain the same intensity of illumination, thus if the standard tube is set at 
10 mm., and the solution under examination is the same intensity of color 
at 20 mm., the latter is just one-half the concentration of the standard. 
This is usually expressed by the formula: « 

Color of test solution Height of standard solution 
Color of standard solution Height of solution to he tested 

If, therefore, the scale reading is 20 mm, for the standard, and 15 mm. for the 
solution to be tested, the formula reads: = 1 33. 

If, for example, the standard solution contains 4 cc. of coloring matter in 100 
ee., the solution under test will be found to contain 4 x 1.33 - 6.32 oc. in 100 cc. 
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MAGNESIUM 

Mg, at.wt. 24.32 ; sp.gr. 1.69-1.76; m.p. 661°; b.p. 1120°C.; oxide MgO. 

The clement is determined in the complete analysis of a large 
number of substances; in the analysis of ores, minerals, rocks, soils, 
cements, water, etc. 


OCCURRENCE 

The element occurs combined only in nature, a large number of 
minerals being known. It is found in sea water and in certain min- 
eral waters. Jt occurs as a phosphate and carbonate in the vegetable 
and animal kingdoms especially in seeds and bones. The following 
arc the more imiiortant minerals of magnesium: 

Minerals. Dolomite, Pearl Spar, Magnesian limestone, MgCOj. 
CaCOs. 

Bruciie, Mg(()TI)o, white or gray, translucent foliated masses with 
wax-like lustre, sectile and flexible; white streak; hardness 2 . 5 . 

Magnedtc, MgCOa, white, brittle, dense rounded nodules, or 
coarse grained, brittle; .opacpie to translucent; dull vitreous or silky; 
white streak; hardness 3 . 5 - 4 . 5 . 

Other minerals of magnesium — Carnallite, KCl.MgCl2.OH2O; 
Spinel, MgO.Al'jOa; Pyroxene, Ca, Mg etc. silicate; Pyrope, MgaAL 
(Si04)3; Amphibole, Ca, Mg etc. silicate; Chrysolite, (Mg, Fe)2Si04; 
Biotite, Mg, Ke mica; l^hlogopite, Mg mica; Ciinochlore, Penninite, 
HsMgBAbSijOis; Serpentine, lUMgaSMlg; Talc, H 2 Mg 3 (vSiO:,) 4 ; Bora- 
cite, MgTCLBieOso; Kieseritc, MgS04.H20; Kpsomite, MgS04.7H20; 
Hypersthenc; Aiithophyllite ; Glaucophanc; lolitc; Chondrodite; 
Sepiolitc, etc. 


DETECTION 

In the usual course of analy.sis magnesium is found in the filtrate 
from the precipitated carbonates of barium, calcium, and strontium. 
The general procedure for removal of the preceding groups may be 
found in Scpafations. Magnesium is precipitated as white magnesium 
ammonium phosphate, MgNH4P04, by an alkali phosphate, Na2HP04, 
NaNH4HP04i etc., in presence of ammonium chloride and free am- 
monia. The precipitate forms slowly in dilute solution. This is 
hastened by agitation and by rubbing the sides of the beaker during 
the stirring with a glass rod. Crystals soon appear on the sides of the 
beaker in the path of contact, and finally in the solution. 
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Baryta xyt lime water added to a solution containing magnesium 
produces a white precipitate of magnesium hydroxide. 

Both the phosphate and the hydroxide of magnesium are soluble 
in acids. 

The alkali hicarbonatee or acid carbonates, NaHCOa, KHCO3 do 
not precipitate magnesium but on boiling the solution and elimination 
of CO2 the carbonate MgCOg precipitates. 

Magnesium is a powerful reducer and liberates a large number of 
the elements from their oxides when the metal is heated with these, 
Ag, Hg, Pt, Sn, B, Al, Th, C, Si, Pb, P, As, Sb, Bi, Cr, Mo, Mn, Fc, 
Co, Ni, Cu, Cd, Zn, Gl, Ba, Sr, Ca, Rb, K, Na, Li. (Prescott and 
Johnson — Qual. Chem. Anal.) 
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METHODS FOR THE DETERMINATION OF MAGNESIUM 

Preparation and Solution of the Sample 

In solution of the material it will be recalled that the metal is 
soluble in acids and is also attacked by the acid alkali carbonates. It 
is soluble in ammonium salts. The oxide, hydroxide, and the salts of 
magnesium are soluble in acids. Combined in silicates, however, the 
substance requires fusion with alkali carbonates to bring it into solu- 
tion. 

General Procedure for Ores. — One gram of the ore is treated with 
20 cc. of strong hydrochloric acid and heated gently until the material 
is decomposed. If sulphides are present, 5 to 10 cc. of strong nitric 
acid arc added and the material decomposed by the mixed acids. If 
silicates are present and the decomposition is not complete, by the 
acid treatment, the insoluble material is decomposed by fusion with 
sodium carbonate, or the entire sample may be fused with the alkali 
carbonate, the fusion is dissolved in hydrochloric acid and taken to 
dryness. Silica is dehydrated as usual by heating the residue from the 
evaporated solution. This is taken up with 50 cc. of water containing 
about 5 cc. of strong hydrochloric acid, the silica filtered off, and, after 
removal of the interfering substances according to procedures following, 
the magnesium is determined. 

Alloys. — Solution may be effected by treating the alloy with 
nitric acid followed by hydrochloric acid. The alloys of magnesium 
are generally soluble in the mineral acids, hydrochloric, nitric or 
sulphuric acid. ' 

Salts. — Solution frequently may be accomplished in distilled 
water. Should the salt not dis.solve readily in water, addition of a 
little hydrochloric acid will bring it into solution. 

Removal of Members of the Hydrogen Sulphide Group. Copper, 
Lead, Bismuth, Cadmium, Arsenic, etc. — The filtrate from silica 
is diluted to about 200 cc. and hydrogen sulphide gas passed in until 
the members of this group are completely precipitated. The sulphides 
are filtered off and washed with HsS water and the filtrate and wash- 
ings concentrated by boiling. This treatment is seldom necessary in 
analysis of many silicates and carbonates in which these elements are 
absent. 

Removal of Iron, Aluminum, Manganese, Zinc, etc. — The con- 
centrated filtrate from the hydrogen sulphide group, or in case the 
treatment with hydrogen sulphide was not required, the filtrate from 
silica, is boiled with a few cc. of nitric acid to oxidize the iron (solu- 
tion turns yellow), about 5 cc. of concentrated hydrochloric acid 
added, and if manganese is present, 15 to 20 cc. of a saturated solution 
of bromine water, and the solution made alkaline to precipitate iron, 
aluminum, manganese. If zinc, cobalt, -and nickel are present, these 
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are best rfemoved as sulphides by passing hydrogen sulphide into the 
ammoniacal solution preferably under pressure. 

Separation of Magnesium from the Alkaline Earths. — The alkaline 
earths arc precipitated either as oxalates, recommended when con- 
siderable calcium is present, or as sulphates, recommended in presence 
of a large proportion of barium, tin; magnesium salts being soluble. 
Magnesium is precipitated from the filtrates as a phosphate, according 
to directions given later. Details of the separation of magiiesiuiii 
from the alkaline earths may be found in the chapter on Barium. ; 

HINTS FOR THE STUDENT 

For practice in the determination of magnesium dissolve 1 gram of a soluble 
magnesium salt in 100 cc. of distilled water and add 1-2 grams of ammonium 
chloride or its equivalent in solution. Now follow directions given under the 
gmvimetric method for determiiiat.ioii of magnesium. The magnesium pre- 
cipitate may be transferred from the beaker to the fillt'r by means of the filtrate 
poured back into the beaker; loss due to solubility is thus prevented. 
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GRAVIMETRIC DETERMINATION OF MAGNESIUM 

Precipitation of Magnesium by a Soluble Phosphate as 
Ammonium Magnesium Phosphate 

Magnesium is determined in the filtrate from calcium oxalate 
by the addition of sodium ammonium phosphate to a hot slightly 
acid or neutral solution followed by a definite amount of ammonia. 
The practice of precipitating magnesium from a cold solution necessi- 
tates a double precipitation as the composition of the phosphate is 
considerably modified by that of the solution in which the preci})!- 
tation takes place, so that it is necessary to adjust conditions by 
having a definite amount, of ammonia, ammonium salts and phos- 
phate for the approximate amount of magnesium present. Accurate 
results are obtained by precipitation of the compound from a hot 
solution by the method of B. Schmitz, by addition of the soluble phos- 
phate to a slightly acid solution and then making ammoniacal, or 
that of W. Gibbs, by precipitation of the amorphous magnesium hy- 
drogen phosphate in a neutral solution and transforming the precipi- 
tate to magnesium ammonium phosphate by addition of ammonia 
to the hot solution. Upon ignition of the precipitate, magnesium 
pyrophosphate (Mg2p207) is formed. 

Reactions. 

A. NaoNH4P04 + MgCh, = 2Na(n + MgNH4P04 (B. Schmitz). 

B. NaNn4HP04 + MgCb. = NaCl + NU4CI + MgHP04 and 

MgHP ()4 + NH3 = MgNH4P04 (W. Gibbs). 

Decomposition with Heat. 

2MgNH4P04 = 2 NH 3 + H 2 O + MgsPaOy. 


Reagents. — Sodium ammonium phosphate, N nNH4HPO 4 or disodhim 
phosphate. (The former is preferred.) 

Ammonium hydroxide, ammonium chloride, hydrochloric acid. 

Procedure. — 1 . The metals of the previous groups having been 
removed, the solution (diluted to about 150 cc.) containing magnesium 
in presence 6i ammonium salts, is neutralized (litmus paper test) 
and made slightly acid with 2-3 drops of hydrochloric acid, and then 
heated to boiling. Now treat as follows. 

2 . To the hot solution add drop by drop, sufficient sodium am- 
monium phosphate reagent to completely precipitate the magnesia 
and half again as much excess. 1 cc. of a 10 % NaNH.,HP04.4H20 
solution will precipitate 0.116 gram of Mg. so that 15 cc. of the reagent 
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should be ample for a 1 gram sample. Stir the solution during the 
addition but do not scrape walls of beaker with stirring rod.^ 

3. Make an approximate measurement of the volume of the solu- 
tion and add to the hot solution onc-third its volume of dilute am- 
monia (sp.gr. 0.96, dilution 1:3). 

4. Stir thoroughly and allow to settle for about two hours, thp 

solution cooling to room temperature. Longer standing will do nb 
harm. \ 

5. Filter, decanting off the clear solution, and wash the precipi-\ 
tate by decantation two or three times with dilute ammonia water \ 
(1000 cc. of H2O with 25 cc. of NH4OH). 2% solution of ammonium 
nitrate may be used in place of ammonium hydroxide. Transfer \ 
the precipitate to the filter and wash free of chlorides, (4-5 additional 
washings) using the ammonia solution. 

6. Dry the precipitate and remove from the filter paper, placing 
it in a weighed porcelain crucible. Ignite the filter and add its ash 
to the precipitate. Now iginto the precipitate over a low flame for 
5-10 minutes, increase the heat until the precipitate is at red heat. 
Now blast over a Mcker burner or heat in an electric oven for 
15-30 minutes, or until the weight is constant. 

7. The residue will be snow white if the oxidation of the carbon 
and the ignition has been properly conducted. Cool and weigh as 
Mg^PaOr. 

Factors. MgaPaO? X 0.3621 =: MgO or X 0.2184 - Mg or X 0.7572 
» MgCOa or X 1.0811 * MgS04 or X 2.2143 = MgS04.7H20. 

Notes on Magnesium 

In place of using filter paper the magnesium ammonium phosphate pre- 
cipitate is filtered into a weij^hed (looch crucible and ignited, after gently 
heating for a few minutes until the water and NHj has been expelled. This 
lessens the difficulty with occluded carbon in the precipitate as is apt to 
occur when filter paper is used. 

The ignition is conducted gently at first to gradually oxidize the carbon 
that the precipitate contains. With rapid ignition the particles are inclosed 
in the mass in a form that it is almost impossible to completely oxidize, so 
that the final residue is gray instead of white. L. L. de Koninck considers 
that the blackening of the precipitate is frequently due to the presence of 
organic bases in commercial ammonia and its salts, rather than to the fibers 
of filter paper occluded in the mass. With caution, the filter and residue 
may to igmted wet, the heat being low until the filter completely chars and 
then being increased, with the cover removed, until the residue is white 
Incomplete washing may also cause carbon occlusion by the easily fusible 
microcosmic salt or sodium phosphate that remains with the magnesium salt. 

Large amounts of ammonium salts may form Mg(NH4)4P04 which re- 
quires prolonged heating to convert it to MgaPjO?. 

topwities, - The precipitate may contain traces of lime that remained 
soluble m ammomum oxalate. This may be determined by dissolving the 

* The magnesium salt would adhere firmly to the walls of the beaJter where 
the rod scratched the sides. • 
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pyrophosphate in dilute sulphuric acid followed by addition of 9 to 10 volumes 
of aoBolute alcohol, (klcium sulphate, C'aSO^, precipiutes and settles out 
on standing several hours. It may be filtered off, dissolved in hydrochloric 
acid and precipitated as oxalate in the usual way and so determined. 

A residue remaining after treating the pyrophosphate with acid is 
generally Si 02 . 

The presence of manganese may be detected by dissolving the magnesium 
pyro-phosphate, Mg 2 p 207 , in nitric acid and oxidizing with sodium bismuthate. 
method under Manganese.) 

Properties of Ammonium Magnesium Phosphate. Readily soluble in 
dilute acids. One hundred cc. of pure water at 10° C. will dissolve 0.0005 
gram. The presence of ammonia greatly decreases the solubility of the salt, 
e.g., 2.5% ammonia decreases the solubility to 0.00006 gram of MgO per 
100 cc. The presence of ammonium salts increases the solubility of the pre- 
cipitate, e. g., 1 gram of ammonium chloride will 'increase the solubility to 
0.0013 gram of MgO. 
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VOLUMETRIC DETERMINATION OF MAGNESIUM 

Titration of the Ammonium Magnesium Phosphate with 
Standard Acid 

The procedure known as Handy's volumetric method for mag- 
nesium, depends upon the reaction MgNH4P04 + H2SO4 = MgS04 
-i- NH4II2PO4. An excess of standard sulphuric acid is added to th<[ 
precipitate and the excess of acid titrated back with standard am-\ 
monium hydroxide, \ 

Procedure. — The method of precipitation of the magnesium am- ' 
monium phosphate is the same as has been dcscjibed under the gravi- 
metric method. The precipitate is washed several times by decanta- 
tion with 10 % ammonium hydroxide solution (1 part NH4OH, sp.gr. 
0.90 to 9 parts water), and finally on the filter. After draining, the 
filter is opened out, the moisture removed as much as possible by 
means of dry filter papers. The residue may be dried in the room 
for about forty-five minutes or in the air oven at 50 to 60 ° C. for 
fifteen to twenty minutes. When the filter has dried, ammonia will 
have been expelled. The substance is placed in a dry beaker, N /10 
sulphuric acid added in excess (methyl orange indicator), the solu- 
tion diluted to 100 cc. and the excess of acid titrated with N/lO 
sodium hydroxide. 

One cc. N/IO of H2SO4 =0.002 gram, of MgO. 
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MANGANESE 

Mn, at. wt. 54.93 ; sp.gr. 7.42; m.p. 1260'^; b.p. 1900° C.; oxides, MnO, 
Mn208, Miia 04 ignition in air, Mn02, MnOs, Mn 207 . 

Manganese may be determined accurately gravimetrically or 
volumetrically. The former methods may be used for high-grade 
manganese ores, the latter are generally preferred for determining 
manganese in steel and in alloys and arc applicable to a wide range 
of substaiKies. Manganese is determined in its ores for their evalua- 
tion. It is determined in alloys. Speigeleisen or ferromanganese is 
an important alloy for the steel industry. In addition to the require- 
ment of the element in the analysis of the above substances it is 
determined in certain i)aint pigments — green and violet manganous 
oxides, in dryers of oils, etc. 

OCCURRENCE 

Manganese occurs native only in meteorites, combined it is found 
in a number of minerals. Traces arc found in animals and plants, 

Minerals. — Among the more important minerals are; 

Braunitey 3Mn203. MnSiOs, brownish-black, opaque, brittle mineral; 
granular masses or minute tetragonal pyramids; submctallic; streak 
like color; hardness 6-6.5. 

PyrolusiUy Black Oxide of IManganese, Mn02, a soft black, opaque, 
rather brittle mineral; compact, massive, velvety crusts or short 
radiated crystals; metallic to dull lustre; streak like color; hard- 
ness 1-2.5. 

Manganite, Mn203.H20, an opaque, brittle, steel gray to iron 
black mineral with submetallic lustre occurring in short or long pris- 
matic, orthorhombic crystals often in bundles, rarely massive, granular 
or stalactitic. Streak reddish-brown to black; hardness 4. 

Rhodochrositey MnCOa, light pink, rose-red to brownish-red or 
brown, brittle, transparent to opaque mineral with vitreous lustre; 
white streak; hardness 3. 5-4. 5. 

Other minerals. — lYanklinite, (Fe.Zn.Mn)O (Fe,Mn)20a; Rhodo- 
nite, MnSiOf, Columbite-Tantalite, (Fe,Mn) (Nb Ta)206; Psilome- 
lane, Mn02 + H2O, K2O or BaO, or H -f MnOs ; Alabandite, MnS, 
Hausmannite, Mn804, Wad-Bog Manganese; Tephroite Mn2Si04 etc. 

SUGGESTION TO STUDENTS 

Determine Manganese in Steel or in an ore by the Bismuthate or Oxalic 
Acid Method. See pages 374-380. • 
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DETECTION 

In the usual course of analysis manganese is found in the filtrate 
from the hydroxides of iron, aluminum and chromium, the previous 
groups having been removed with hydrochloric acid, hydrogen sul- 
phide and ammonium hydroxide in presence of ammonium chloride. 
Manganese, cobalt, nickel and zinc are precipitated as sulphides in 
an ammoniacal solution. The sulphides of manganese and zinc are 
dissolved by cold dilute hydrochloric acid, H 2 S expelled by boiling\ 
and manganese precipitated as the hydroxide by addition of potas-\ 
sium hydroxide in sufficient amount to dissolve the zinc (sodium \ 
zincatc). Manganese is now confirmed by dissolving this precipitate ' 
in nitric acid and adding red lead or lead peroxide to the strong nitric 
acid solution. A violet-colored solution is produced in presence of 
manganese. Chlorides should be absent. 

Manganese in soils, minerals, vegetables, etc., is detected by in- 
cinerating the substance, treating the ash with nitric acid and taking 
to di’yness; the residue is taken up with water and the mixture filtered. 
To the filtrate is added a few cc. of 40% ammonium persulphate and 
a little 2 % silver nitrate solution. A pink color is produced in presence 
of manganese. 

Manganese compounds heated with borax in the oxidizing flame 
produce an amethyst red color. The color is destroyed in the re- 
ducing flame. 

Fused with sodium carbonate and nitrate on a platinum foil man- 
ganese compounds produce a green-colored fusion (“robin egg blue”). 
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METHODS FOR THE DETERMINATION OF MANGANESE 

Preparation and Solution of the Sample 

In dissolving the sample the following facts will be recalled: The 
metal dissolves in dilute acids, forming manganese salts. The oxides 
and hydroxides of manganese are soluble in hot hydrochloric acid. 
Manganous oxide is soluble in nitric or in sulphuric acid; the dioxide 
is insoluble in dilute or concentrated nitric acid, but is soluble in hot 
concentrated sulphuric acid. 

Ores of Manganese. — A sample of powdered ore weigliing 1 gram 
is brought into solution by digesting with 25 to 50 cc. of strong hydro- 
chloric acid for fifteen to thirty minutes on the steam bath. If much 
silica is present 5 to 10 cc. of hydrofluoric acid will assist solution. If 
sulphides are present add 5 cc. of nitric acid. Five cc. of sulphuric 
acid are added and the mixture evaporated and heated until fumes of 
sulphur trioxide are evolved. The residue is taken up with a little 
water and warmed until the sulphates have dissolved. If decomposi- 
tion is incomplete and a colored residue remains, this is filtered ofif, 
ignited in a platinum dish and fused with a little potassium bisulphate. 
The fusion is dissolved in water containing a little nitric acid and the 
solution added to the bulk of the sample. 

If manganese is to be determined volumetrically the removal of 
iron is not necessary. If, however, a gravimetric procedure is to be 
followed, iron and alumina are removed by the basic acetate method 
given under separations and manganese precipitated in the filtrate. 
In presence of small amounts of iron and alumina, precipitation with 
ammonia in presence of ammonium chloride will remove these elements 
without appreciable loss of manganese, a double precipitation being 
usually advisable. For volumetric procedures in ores containing over 
2% manganese an aliquot portion of the sample is taken for the 
determination. The portion should not contain over 0.01 gram of 
manganese. 

Alloys. Manganese Alloys. — One gram of ferromanganese is 
dissolved in 50 cc. of dilute nitric acid (sp.gr. 1.135) and oxidized 
with sodium bismuthate with boiling. The cooled solution is diluted 
to 500 cc. and 10 to 25 cc. is treated with about 30 cc. of dilute nitric 
acid and manganese determined by the bismuthate method. The 
amount of sample taken is governed by the manganese content. 
This should not exceed 0.01 gram of the element if the volumetric 
procedure is to be followed. 

Separation of Manganese from Interfering Elements. — As is 

frequently the case, isolation of manganese is not necessary, since 
it may be determined volumetrically in presence of a number of ele- 
ments, which would interfere in its gravimetric determination. The 
analyst should be sufficiently familiar, with the material to avoid 
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needless manipulations, which not only waste time, but frequently 
lead to inaccurate results. 

Removal of Elements of the Hydrogen Sulphide Group. — This 
separation may be required in the analysis of certain alloys where a 
►separation of manganese from copper is recjuired. 

The acid solution containing about 4% of free hydrochloric acid 
(sp.gr. 1.2), is saturated wnth hydrogen sulphide and the sulphides 
filtered off. Manganese passes into the filtrate. This treatment will 
effect a separation of manpnese from mercury, lead, bismuth, cadA 
mium, copper, arsenic, antimony, tin and the less common elements \ 
of the group. \ 

Separation of Manganese from the Alkaline Earths and the Al- ' 
kalies. — The separation is occasionally required in the analysis of 
clays, limestone, dolomite, etc. It is required in the complete analysis 
of ores. In the usual course of a complete analysis of a substance, 
the filtrate from the hydrogen sulphide group is boiled free of H 2 S 
and is treated with a few cc. of nitric acid to oxidize the iron. The 
solution is made slightly arnmoniacal with ammonia, in i)resence of 
ammonium chloride, whereby iron, aluminum and chromium are pre- 
cipitated as hydroxides. The filtrate is treated with hydrogen sul- 
phide or colorless ammonium sulphide, whereby manganese, nickel, 
cobalt and zinc are thrown out as sulphides and the alkaline earths 
and alkalies remain in solution. 

Separation of Manganese from Iron and Aluminum, Basic 
Acetate Method 

The procedure effects a separation of iron, aluminum, titanium, 
zirconium and vanadium from manganese, zinc, cobalt and nickel. 

The separation depends upon the fact that solutions of acetates 
of iron, aluminum, titanium, zirconium and vanadium are decomposed 
when heated and the insoluble basic acetates precipitated, whereas 
the acetates of manganese, zinc, cobalt and nickel remain undecom- 
posed when boiled for a short time. 

Fe(C2H302)3 -f- 2HOH = 2 HC 2 H 3 O 2 + Fe(0PI)2,C2H302. 

The solvent action of the liberated acetic acid is prevented by the 
addition of sodium acetate which checks ionization of the acid. The 
method requires care and is somewhat tedious, but the results at- 
tained are excellent. 

Procedure. — To the cooled acid solution of the chlorides is added 
a concentrated aqueous solution of sodium carbonate from a burette 
with constant stirring until the precipitate that forms dissolves slowly. 

A dilute solution of the carbonate is now added until a slight perma^ 
nent opalescence is obtained. With the weak reagent and careful 
addition of the carbonate drop by drop the proper neutralization of 
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the free acid is obtained. With considerable iron present the solu- 
tion appears a dark red color, fading to colorless as the quantity of 
iron decreases to a mere trace in the solution. Three cc. of acetic 
acid (sp.gr. 1.044) are added to dissolve the slight precipitate. The 
more perfect the neutralization before heating the less amount of 
reagent required for precipitating iron — an excess of reagent does no 
harm. If this does not clear the solution in two minutes, more acetic 
acid is added a drop at a time until the solution clears, allowing a 
minute or so for the reaction to take place with each addition. The 
solution is diluted to about 500 cc. and heated to boiling and 6 cc. 
of a 30% sodium acetate solution added. The solution is boiled for 
one minute and removed from the flame. (Longer boiling will form 
a gelatinous precipitate, difficult to wash and filter.) The precipitate 
is allowed to settle for a minute or so, then filtered, while the liquid 
is hot, through a rapid filter and washed with hot, 5% sodium acetate 
solution three times. The apex of the filter is punctured with a glass 
stirring rod and the precipitate washed into the original beaker in 
which the precipitation was made with a fine stream of hot, 1 : 1 
hydrochloric acid solution from a wash bottle. (Dilute HNO3 may be 
used in place of HCl.) 

A second precipitation with neutralization of the acid and addition 
of sodium acetate is made exactly as directed above. It is advisable 
to evaporate the solution to small volume to expel most of the free 
mineral acid before addition of Na2C03 to avoid large quantities of 
this reagent. The filtrates contain manganese, zinc, cobalt and nickel; 
the precipitate iron, aluminum, titanium, zirconium, vanadium. 


Separation of Manganese as the Dioxide, Mn02 

The procedure is of special value in the complete analysis of ores 
where a basic acetate separation of iron and aluminum has been made, 
and a gravimetric estimation of other constituents in the solution 
are desired. 

The procedure depends upon the principle that manganese in a 
dilute solution of manganous salt is oxidized to manganese dioxide 
and so precipitated, when boiled with bromine or certain other 
oxidizing agents; 

MnCL + Bra + 2H2O * MnOa + 2HC1 + 2HBr. 

The free .acid formed by the reaction must be neutralized either 
by ammonia or by the presence of a salt of a weak acid such as 
sodium acetate, otherwise the precipitation of manganese will be 
incomplete. In presence of ammonium acetate much of the bromine 
is used up reacting with ammonia, 

MnClz + Bra + 4NH4C2H3O2 + 2H2O = MnOa + 2NH4CI + 2NH4Br 
-b 4HC2H«t>j. 
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At the same time acetic acid is formed, which does not decompose 
the oxide. It is necessary to have sufficient acetate present to pre- 
vent resolution of the manganese. 

Procedure. — To the solution containing manganese is added 4 
to 5 grams of sodium acetate (unless already present in excess), the 
solution being diluted to about 200 cc. Bromine water is added until 
a distinct color of bromine is evident. The mixture is boiled and kept 
boiling for ten to fifteen minutes, additional bromine being added in 
small portions. The precipitate is allowed to settle and filtered off. 
The filtrate is boiled with additional bromine to ascertain whether the 
manganese has been completely removed from the solution. 

If ammonia is present, as is frequently the case, it is advisable to 
add more of the reagent from time to time, the solution having a 
distinct odor of ammonia after the last portion of bromine has been 
added. When large amounts of manganese are present, several separ- 
ations may be required to remove the element from the subsequent 
filtrates. 

The precipitated dioxide may be dissolved in sulphuric acid and 
manganese determined volumetrically or gravimetrically. 

It may be ignited directly and weighed as Mn 304 . 

It may be evaporated with sulphuric acid and manganese deter- 
mined as MnS 04 . 

Manganates of zinc or calcium will be precipitated if present in large 
amounts. 

Manganese may also be precipitated by ammonium persulphate in an am- 
moniacal solution, by potassium chlorate and hypochlorite of lime in presence 
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GRAVIMETRIC METHOD 

DETERMINATION OF MANGANESE AS PYROPHOSPHATE 

Manganese is precipitated as ammonium manganese phosphate, 
NH 4 MnP 04 , and then ignited to pyrophosphate, MnjjPzO?. The 
method is known as Gibbs’ Phosphate Process.^ 

Procedure. — The cold solution of manganese chloride * obtained 
as directed in previous sections, should be diluted so as to contain 
not over 0.1 gram of manganese oxide equivalent per 100 cc. of solution. 
A cold saturated solution of ammonium sodium hydrogen phosphate 
(microcosmic salt, 170 grams per liter; 9 cc. precipitates an equivalent 
of 0.1 gram of the oxide) is now added in slight excess. The solution 
is made strongly ammoniacal and heated to boiling, the boiling being 
continued until the precipitate becomes crystalline. After allowing 
to settle until cold, the precipitate is filtered off (the filtrate being 
tested with more of the precipitating reagent to assure that an excess 
had been added), and dissolved in a little , dilute hydrochloric or 
sulphuric acid. 

Reprecipitation of the phosphate. The free acid is neutralized 
with ammonia added in slight excess until the odor is quite distinct, 
the solution heated to boiling, and a few cc. of additional phosphate 
reagent added. The crystalline precipitate is filtered into a weighed 
Gooch crucible, washed free of chlorides with very dilute ammonia 
(AgNOa + HNOa test), dried and ignited to the pyrophosphate. The 
ignition is conducted, as in case of magnesium, by heating first over 
a low flame and gradually increasing the heat to the full power of 
the burner. The final residue will appear white or a pale pink. 


MnaPaOy X 0.4996 - MnO, 


MihPaOy X 0.3869 = Mn. 

Notes. Zinc, nickel, copper and other elements precipitated as phosphates, 
should be absent from the solution. The separation from iron is generally made 
by the ba-^ic acetate method and manganese precipitated from the filtrate, free 
of other elements, as the peroxide MnOg, by means of bromine added to the am- 
moniacal solution. Other oxidizing reagents may be used, as has been stat^. 
The dioxide is dissolved in strong hydrochloric acid and the above precipita- 
tion effected. 

' Gibbs’ C.p., 17, 195, 1868. 

* Some analysts prefer to add the phosphate reagent to the strongly am- 
moniacal solution, boiling hot. 
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VOLUMETRIC METHODS 

BISMUTHATE METHOD FOR DETERMINATION OF MANGANESE 

The metliod is based on the fact that a manganous salt in the 
presence of an excess (»f nitric acid is oxidized to permanganic acid . 
by bismuth tetroxide. Tlie permanganic acid formed is very stable 
in nitric acid of 1.135 sp.gr,, when the solution is cold, but in hot \ 
solutions the excess of the bismuth tetroxide is rapidly decomposed, 
and then the nitric acid reacts with the permanganic acid, and, as 
soon as a small amount of manganous salt is formed, the remainder 
of the permanganic acid is decomposed, manganous nitrate dissolves, 
and manganese dioxide jirecipitates. The method is especially ap- 
plicable for determiiung small amounts of manganese. 

i Solutions Required. — Nilric Acid (1 . 3) . Mix 250 ec. of HNO3 
sp.gr. 1.42, and 750 cc. of distilled water. 

Nitric Acid for Washing: Mix 3() cc. of UNO3 sj).gr. 1.42 and 970 
cc. of distilled Avater. 

Ferrous Am7no7num Sulphate: Dissolve 12.4 g. of ferrous ammonium 
sulphate crystals in 950 cc. of distilled water, and add 50 c(;. of H2SO4 
sp.gr. 1.84. 

Potassium Perynanganaie: Dissolve 1 g. of KMnOi in 1000 cc. of 
distilled water. Allow it to stand for about one week and then filter 
it through asbestos. Standardize against 0.10 g. portions of pure 
sodium oxalate. 

Method. — In a 250 cc. Erlemneyer flask dissolve 1 g. of the metal 
containing manganese in .50 ce. of JINO.{ (1:3). Without filtering off 
the residue, cool and add 0.5 g. of sodium bismuthatc. Heat for a 
few minutes until the purple color has disapiieared, ivith or without 
the precipitation of manganese dioxide. Add a little ferrous-ammonium 
sulphate solution until the solution becomes clear, and boil until the 
oxides of nitrogen are expelled. Cool, add an excess of sodium bis- 
. muthate and agitate for a few minutes. Add 50 cc. of HNOg for washing 
and filter through an alundum crucible or an asbestos pad. Wash with 
50 cc. of the HNO3 for washing. Add from a pipette or a burette 
10 cc. of ferrous ammonium sulphate solution and titrate with KMn04. 
In copper alloys, owing to the presence of considerable copper, the end- 
point is somewhat different from the normal pink color. 

In exactly the same manner carry through a blank ^determination, 
using the same amounts of HNO3 and sodium bismuthate as was 
done with the regular sample. Finally add exactly 10 cc. of ferrous^ 
ammonium sulphate solution and titrate with KMn04. The difference 
between the two titration.s is due to the manganese. Since one man- 
ganese as permanganate oxidized five irons, the iron value of the per- 
manganate multiplied by the^ factor (Mn/5 Fe) (or 0.1967) gives the 
value in terms of manganese. 
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Accuracy: Duplicate determinations should check within 0.02 per 
cent of manganese. 

Notes. Instead of employing the method of reducing the permanganic 
acid by means of standardized ferrous ammonium sulphate solution and titrating 
the (jxcess of this reagent, it is possible to reduce the permanganic acid by stand- 
ard sodium arsenite solution. 

The filtrate from the bismuthate must be perfectly clear, as the least f)article 
of bismuthate carried into the filtrate will vitiate the results. 

Note. In the analysis of white irons it may be necessary to treat the solu- 
tion several times with bismuthate to destroy the t'ombined carbon. The solu- 
tion, when cold, should be nearly colorless; if not, another treatment with 
bismuthate is necessary. 


Notes and Precautions 

Special Steels. — Steels containing chromium offer no special difficulties, ex- 
cept that it must be noted that wdiile in hot solutions the chromium is oxidized 
to chromic acid, which is reduced by the addition of sulphurous acid, the oxi- 
dation procjeeds so slowly in cold solutions that if there is no delay in the 
filtration and titration the results arc not afl(*ct<^d. Sti^els (iontaining tungsten 
are sometimes troublesome on a<;(;ount of the necessity for getting rid of the 
tung.stic acid. Those that d(*compo.se readily in nitric acid may be filtered and 
the filtrate treated like pig iron, but when it is necessary to us(‘ hydrochloric 
acid it is best to treat, with aqua regia, evaporate to dryness, n'dissolve in 
in hydrochloric acid, add a few drops of nitric acid, dilute, boil, and filter. 
Get rid of every trace of hydrochloric acid by repeated evaporations with nitric 
acid, and proceed as with an ordinary steel. 

The deli(!acy of the reaction of manganese in nitric acid solution with 
sodium bismuthahi is extraordinary; 0.000005 gram of manganese gave an ap- 
preciable (^olor in 50 c(!. of solution. 

As will b(^ seen in the description of the various methods of solution, the 
use of hydrochloric acid has been avoided, because the prtjsence of even traces 
of this ri'agent is fatal to the accuracy of the method. When' it is impossible 
to avoid its iisi', and its presence is suspected in the final nitric acid solution, 
the addition of a drop or two of silver nitrate will overcome the difficulty, but 
the filter must be rejected after using it for filtering a solution so treated. 

Any form of asbestos filtering tube may be used for filtering off bismuthate, 
but the piu-forated cone with bell jar is the most satisfactory, because it has 
the largest area of filtering service. One filter may be used for fifty or more 
determinations, and the time occupied in filtering and washing one aetermina- 
tion is only from one minute and a half to three minutes. The filtrate must 
be clear, for the least fiarticlc of bismuthate carried through wdll vitiate the 
residt by reacting with the excess of ferrous sulphate. As soon as the filtra- 
tion and washing are completed, the ferrous sulphate should be added, and the 
excess titrated with the permanganate solution, as the permanganic acid grad- 
ually decomposes on standing, and the warmer the solution the more rapid is 
the decomposition. At a temperature of 5° C. the solution will remain un- 
altered for several hours, but at 40° C., fifteen minutes will show an appreci- 
able change. The' larger the amount of manganese the more rapid the change. 

It is espiecially important not to allow the solution to stand after adding 
the ferrous sulphate, as the excess of this reagent reacts with the nitric acid 
in a few minutes and the formation of the smallest amount of nitrous oxide is 
fatal to the accuracy of the detennination. For this reason it is important to 
boil off every trace of nitrous oxide when, in the earlier part of the operation, 
sulphurous acid or other deoxidizing agent is added. 

When working with steels of unknown yianganese content, it may often 
happen that 25 cc. of ferrous sulphate solution are insufficient to entirely re- 
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duce the permanganic acid, in which case an additional amount of ferrous 
sulphate must be added. It will be noticed that the solution of permanganic 
acid upon the addition of an insufficient amount of ferrous sulphate does not 
necessarily retain its pink or purpki color, but usually changes to a dirty brown. 
When this occurs 10 cc. more of ferrous sulphate is added to the flask and the 
value of the two additions taken as the amount from which the number of cc. 
of permanganate, corresiionding to the excess of ferrous sulphate, must be sub- 
tracted. When the sample is low m manganese, the 10 cc. ferrous sulphate 
alone may be used. • 

There is no advantage in using permanganate solutions differing in strengtq 
from the one given above, but the strength of the ferrous sulphate solution! 
may be changed to meet special cases. 


Oxidation of Manganese to Permanganate by Red Lead 

Reil lead oxidizes manganese in nitric acid solution to permanganate. The 
method is suitable for determining this element in steel and iron in presence 
of molybdenum, aluminum, tungsten, copper and nickel, in amounts such as 
are apt to be present The method is given in the chapter on Iron in the An- 
alysis of Iron and Steel. 
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VOLHARDS’ METHOD FOR MANGANESE HIGH GRADE 
PRODUCTS.! 

The method is based on the principle that when potassium per- 
manganate is added to a neutral manganese salt all of the manganese 
is oxidized and precipitated. When this stage is reached any excess 
of permanganate is immediately evident by the color produced. The 
calculation of results may be based on the reaction, 

3MnS04 + 2KMn04 + 2H2O = SMnOa + K2SO4 + 2H2SO4, 

or 5ZnS04 + 6MnS04 + 4KMn04 + I4H2O = 4KHSO4 

-f- 7 H 2 SO 4 + 5ZiiH2.2Mn03, 

the ratio in either case being 2KMn04 = 3Mn. 

Procedure. — The material decomposed with hydrochloric and 
nitric acid and taken to fumes with sulphuric acid, as stated for the 
preparation of the sample, is cooled and boiled with 25 cc. of water 
until the anhydrous ferric sulphate has dissolved. Then continue as 
follows : 

Removal of Iron. — Transfer the mixture to a 500 cc. graduated 
flask and add an emulsion of zinc oxide in slight excess to precipitate 
the iron (C.P. ZnS04 precipitated by KOH added to slight alkalinity. 
The washed precipitate is kept in a stoppered bottle with sufficient 
water to form an emulsion). Agitate the flask to facilitate the pre- 
cipitation and see that a slight excess of zinc oxide remains when the 
reaction is complete. Now dilute the contents of the flask up to the 
mark with cold water, mix thoroughly and allow to stand a short 
time and partially settle. 

Titration. — By means of a graduated pipette draw off 100 cc. of 
the clear supernatant liquid and transfer it to an 8 oz. flask. Heat 
the solution in the small flask to boiling, add two or three drops of 
nitric acid (which causes the subsequent precipitate to settle more 
quickly) and titrate with a standard solution of potassium 
permanganate. 

The permanganate causes a precipitate which clouds the liquid 
and it is therefore necessary to titrate cautiously and agitate the flask 
after each addition, and then allow the precipitate to settle sufficiently 
to observe whether or not the solution is colored pink. A little ex- 
perience will enable one to judge by the volume of the precipitate 
formed, about how rapidly to run in the permanganate. The final 
pink tinge, indicating the end of the reaction, is best observed by 
holding the flask against a white background and observing the upper 
edges of the liquid. 

When this point is attained, bring the contents of the flask nearly 
to boiling and again observe if the pink tint still persists, adding more 
permanganate if necessary. 

! The method is not recommended for low grade ores. 



378 


METALLURGICAL ANALYSIS 


In making this end test avoid actually boiling the liquid, as a 
continual destruction of the color may sometimes thus be effected and 
the true end-point considerably passed. When the color thus remains 
permanent the operation is ended. Observe the number of cc. of 
permanganate solution used and calculate the result. 

From the equation above it is evident that 1 cc. N/lO of KMn04 

titrates .001648 g. Mn (i.e. = -001648) j 

The iron value of the KMnOi reagent multiplied by 0.2952 - lAn 
equivalent. \ 


AMMONIUM PERSULPHATE METHOD FOR DETERMINING SMALL\ 

AMOUNTS OF MANGANESE BY COLORIMETRIC COMPARISON 
OR BY TITRATION 

The process depends upon the oxidation of manganous salts to 
permanganate by ammonium i)crsulphatc in presenoo of a catalytic 
agent such as silver nitrate: 

2Mn(N03)2 + 5(NH4)2820« + 8H2O = 5(NH4)2S04 + 5II2SO4 + 4HN08 
-f 2HMn04. 

The reaction takes place equally well in sulphuric or in nitric 
acid solution, or in a mixture of the two. The essential point is the 
presence of a sufficient amount of silver nitrate catalyst. 

Solutions Required. — Solution for Dissolving: Mix 500 cc. of 
H2SO4, sp.gr. 1.84, 200 cc. of HNO3 sp.gr. 1.42, and 1700 cc. of dis- 
tilled water. 

Silver Nitrate: Dissolve 1.33 g. of AgNOg in 1000 cc. of distilled 
water. 

Stock Sodium Arsenite: To 15 g. of arsenious oxide (AS2O3) in a 
300 cc. Erlenmeyer flask, add 45 g. of Na2C03 and 150 cc. of distilled 
water. Heat the flask and contents on the steam bath until the AS2O3 
is dissolved. Cool the solution, filter and make up to 1000 cc. with 
distilled water. 

Standard Sodium Arsenite: Mix 200 cc. of stock sodium arsenite 
solution with 2500 cc. of distilled water, and standardize against a 
steel or iron of known manganese content as determined by the Bis- 
muthate Method, or standardize against one of the Bureau of Stand- 
ards' standard irons or steels. One cc. of this solution should be 
equivalent to approximately 0.00050 g. of manganese.' 

Ammonium Persulphate: Dissolve 60 g. of ammonium persulphate 
in 1000 cc. of distilled water. 

Procedure. — One gram of ore is dissolved in hydrochloric acid, 
followed by sulphuric and taken to fumes as directed under Prepara- 
ation and Solution of the Sample. The sulphate taken up with water 
is made to a volume of 100 cc. If the color comparison is to be made 
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the solution should be filtered tlirough a dry filter, otherwise the 
filtration may be omitted. Twenty cc. (equal to 0.2 gram) of the 
material is taken for the test. In the case of steel, 0.1 to 0.2 gram of 
the drilling, dissolved in dilute nitric acid, is taken. 

Oxidation. — The solution is transferred to a test-tube, 1 X 10 ins., 
if the color comparison is to be made, or into a 150-cc. lOrlenmeyer 
flask, if the sample is to be titrated. Fifteen cc. of silver nitrate solu- 
tion (1.5 grams AgNOa per liter of water) are added; the solution 
heated to 80 to 90° C. by placing the receptacle in hot water) and 
then 1 gram of ammonium persulphate added. When the color corn* 
mences to develop the sample is cooled in cold water while the evo^ 
lution of oxygen continues. The sample is poured into the compariseJn 
tube and the color compared with that obtained from an ore or steel 
sample of known manganese content, run in the same way. 

In the titration method the solution in the Erlenmeyer flask is 
diluted to about 100 cc., 10 cc. of 0.2% salt solution added, and the 
sample titrated with standard sodium arsenite until the permanganate 
color is destroyed. The cc. of the reagent used multiplied by the 
factor per cc. in terms of manganese equals weight of manganese in 
the sample titrated. 

Note. Arsenious acid reagent is made by dissolving 10 grams of arscuious 
oxide in water containing 30 grams of sodium (‘arbonate. The solution is diluted 
to 1 liter 125 cc. of this solution are diluted to 2000 cc. This latter reagent is 
standartiized against an ore or sample of steel of known manganese content, 
following the directions given under the procedure outlined. 
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INDUSTRIAL PRODUCTS AND RAW MATERIALS 

Analysis of Spiegel Iron for Manganese ^ 

Procedure. — Weigh 0.5 gram of the sample in a 25 cc. beaker, 
add 40 cc. of dilute HNOa (1-2), cover with a watch-crystal, heat over 
a Bunsen burner and finally expel nitrous fumes by boiling down to 
a small volume (5 cc.).^ Wash into a 500-cc. graduated flask, fill 
about half full, neutralize with an emulsion of zinc oxide, adding 
enough to precipitate the iron and a slight excess.® Dilute to the mark,\ 
shake well, pour into a 600 cc. beaker and mix by pouring back into \ 
the flask and then into beaker. Allow the precipitate to settle, de- 
cant off two 100 cc. portions of clear solution into 350 cc. casseroles. 
Add 100 cc. of water, heat to boiling and titrate with standard KMn 04 , 
stirring thoroughly with heavy glass rod. Run in about 1 cc. at a 
time until the end-point is passed.^ Titrate the second portion, 
running it up to within 1 cc. of the end-point, and finishing a drop 
or two at a time, stirring thoro\ighly between each addition.® The 
burette reading gives percentage of Mn directly. 

Determination of Manganese in Ores, Oxalic Acid Method. — The 
method is applicable for determining manganese in low and in high 
grade ores. Details are given as an example on page 72 of the intro- 
ductory chapter. 

* Procedure communicated to the author by Dr. Breyer. 

* It is necessary to boil off nitrous fumes, as they will consume KMn 04 . 

* Always test the zinc oxide for reducing substances. 

* In samples in which the percentage of Mn is known approximately, almost 
the full amount of KMn 04 can be added at once. 

* Do not mistake the reflection of precipitated MnOa for excess of KMn 04 . 

If properly carried out the MnOs should eolfect in center of casserole. 
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MERCURY 

Hg, at.wt. 200.6; sp.gr. 13.696; nij».-88.9°; b.p. 867.83° C.; oxides. 

HgsO, HgO. 

OCCURRENCE 

The metal is found free in the upper portions of cinnabar deposits. 
As an amalgam with silver it occurs in horn silver. Cinnabar, HgS, 
is the only ore of mercury of commercial importance. The element 
has been found in (quartz, sandstone, schists, iron pyrites, bituminous 
substances, eruptive and sedimentary rocks of all ages. It occurs 
in sulphide ores of other metals — especially in zinc ores. 

Minerals. — Native Mercury^ Hg, a tin white opaque liquid with 
metallic lustre, specific gravity 13.59. Found in globules scattered in 
the gangue, or in cavities with cinnabar or calomel. 

Mercury volatilizes in the flame of the blowpipe. It is soluble 
in nitric acid. 

Cinnabar, Natural Vermillion, HgS, a heavy, scarlet to reddish- 
brown, brittle to soctile mineral, opaque to transparent, adamantine 
to dull in lustre, red masses of granular texture, rarely small trans- 
parent rhombohedral crystals; sometimes nearly black from the 
presence of organic matter, carbon etc; streak scarlet; hardness 2-2,5. 

Calomel, Horn Mercury, Hg 2 Cl 2 , a gray or brown translucent 
mineral; sectile; adamantine lustre; streak white; hardness 1-2. 
Usually found as a coating near cinnabar. 

Other minerals. — Coloradoite, HgTe ; Amalgam, (Ag, Hg) ; Liv- 
ingstonite, HgSbiO?; Tiemannitc, HgSe. 


DETECTION 

Metallic mercury is recognized by its physical properties. H is 
the only metal which is a liquid at ordinary temperatures. The ele- 
ment forms a convex surface when placed on glass. 

Mercury in the mercurous form is precipitated by hydrochloric 
acid as white 'mercurous chloride, HgCl. This compound is changed 
by ammonium hydroxide to the black precipitate of metallic mercury 
and nitrogen dihydrogen mercuric chloride. Mercuric mercury is 
precipitated as the black HgS from acid solution by H 2 S gas. The 
element is distinguished from the other members of the group by 
the insolubility of its sulphide in yellow ammonium sulphide and in 
dilute nitric acid. 
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If the mercury sulphitlc is dissolved in a(iua regia, the nitric acid 
expelled by taking to dryness, and by adding hydrochloric acid and 
evaporating again to dryness, the residue then taken up with a little 
hydrochloric acid, water added and then a solution of stannous 
chloride, a white precipitate of mercurous (chloride is first formed, 
which is further reduced to metallic mercury by an excess of the 
reagent. For quantitative methods it must be kept in mind that fhe 
chloride of mercury is slightly volatile. A complete loss occurs by pro- 
longed heating. \ 
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GRAVIMETRIC METHODS 

PREPARATION AND SOLUTION OF THE SAMPLE 

Nitric acid is the best solvent for the metal. The oxides arc insoluble 
in alkalies. Mercuric oxide is soluble in acids. Mercurous oxide, however, 
forms mercurous chloride, insoluble in dilute hydrochloric acid. Cinnabar, 
the imi)ortaiit ore of mercury, may be decomi)oscd by acjua regia or by 
sulphuric acid and crystals of poUissium permanganate. The volatility of 
mercury salts necessitates careful evaporatioiLs of solutions. Prolonged 
heating of residues on the steam bath will cause loss of mercury. 

DETERMINATION OF MERCURY BY PRECIPITATION WITH 
AMMONIUM SULPHIDE 

The following method, suggested by Volhard, is generally ap- 
plicable for determination of mercury. The element is precipitated 
by ammonium sulphide as HgS. The pre- 
cipitate dissolved in caustic is again thrown 
out by addition of ammonium nitrate to the 
sulpho salt solution of mercury. 

Hg(SNa )2 + 2 NH 4 NO 3 = 2 NaN 03 

+ (Nri 4 ) 2 S+ HgS. 

Procedure. — The acid solution of the 
mercuric salt is nearly neutralized by sod- 
ium carbonate, and is then heated with a 
slight excess of ammonium suli)hide reagent, 
freshly prepared. Sodium hydroxide solution 
is added until the dark-colored liquid begins 
to lighten. The solution is now heated to 
boiling and more sodium hydroxide added until 
the liquid is clear. If lead is present it will 
remain undissolved and should be filtered off. 

Ammonium nitrate is now added to the solu- Fig. 87 

tion in excess and the mixture boiled until the 

greater part of the ammonia has been expelled. The clear liquid is 
decanted from the precipitate through a weighed Gooch crucible and 
the precipitate washed by decantation with hot water and finally 
transferred to the crucible and washed two or three times more. The 
mercuric sulphide is dried at 110° C. and weighed as HgS. 

HgS X 0.8622 - Hg or X 0.9307 = HgO. 

Notes. Alumina and silica are apt to be present in caustic. 

Free sulphur may be removed, if present, by boiling with sodium sulphite, 
Na 2 S 08 -I- S - Nuai^aOa. The sulphur may bo extracted with carbon disulphide. 
The Gooch crucible is placed upon a glass tripbd in a beaker, containing carbon 
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disulphide, and a round-bottomed flask filled whb cold water is placed over the 
mouth of the beaker to serve as a (londenser, Fig. 87, By gently heating over 
a water bath for an hour the sulphur i.s completely extracted from the sulphide. 
Carbon disulphide is removed from the precipitate by washing once with alcohol 
followed by ether. The residue is now drica and weighed. 


DETERMINATION OF MERCURY BY ELECTROLYSIS j 

Mercury is readily deposited as a metal from slightly acid solu- 
tions of its salts. \ 

Procedure. — The neutral or slightly acid solution of mercuric 
or mercurous salt is diluted in a beaker to 150 cc. with water and 
2 to 3 cc. of nitric acid added. The solution is electrolyzed with a\ 
current of 0.5 to 0.1 ampere, and an E.M.F. of 3.5 to 5 volts. A 
gauze cathode is recommended, or a platinum dish with dulled inner 
surface may be used. One gram of mercury may be deposited in 
about fifteen hours (or overnight). The time may be shortened to 
about three hours by increasing the current to 0.6 to 1 ampere. 

The metal is washed with water without interrupting the current 
and then with alcohol. After removing the adhering alcohol with a 
filter paper, the cathode is placed in a desiccator containing fused 
potash and a small dish of mercury. The object of this mercury is 
to prevent loss of the deposit by vaporization. 

The increased weight of the cathode is due to metallic mercury. 

Notes. In the electrolysis of mercuric c;hloride turbidity may be cau.sed 
by formation of mercurous chloride by reduction, but tliis does no harm, as the 
reduction to metallic mercury follows. 

Meniury may be electrolyzed from its sulpho solutions, obtained by dis- 
solving its sulphide in concentrated sodium sulphide. 


DETERMINATION OF MERCURY BY TJIE HOLLOWAY-ESCHKA 
PROCESS MODIFIED 

When mercury sulphide is heated with iron filings metallic mercury 
is volatilized, iron sulphide being formed. The mercury vapor is 
condensed on a silver or gold plate. The use of iron for this reduc- 
tion was suggested by Eschka and his method modified by Holloway. 
In ores containing arsenic the addition of zinc oxide is recommended. 
Erdmann and Marcliand use lime for decomposing the mercury com- 
pound. The reactions may be represented as follows: 

Hgs + Fe » FeS + Hg or HgX + CaO - CaX -h fig + O. 

Apparatus. — This consists of a deep glazed porcelain crucible, 
the size depending upon the charge of the sample to be taken. Gen- 
erally a 3Q-CC. crucible is used for a 2 gram sample with 4 grams of 
flux. The crucible is covered by a silver or gold plate that lies per- 
fectly flat and fits snugly arbund the edges of the crucible. It may 
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be necessary to grind the top of the receptacle on emery paper to 
obtain a perfectly level edge. 

The crucible is suspended in a hole through an asbestos board or 
quartz plate, to prevent the flame heating the upper portion of the 
vessel. 


The lid of the crucible is kept cool by a cylindrical condenser of 
metal through which a stream of water passes. A small Erlenmeyer 
flask may be used, with 


a tube passing to the 
bottom of the flask 
through a rubber stop- 
per, and a second tube 
just passing through 
the stopper. 

Holloway has a 
weight placed on the 
metal condenser to 
hold the lid firmly 
against the crucible. 
The illustration (Fig. 
88) shows the form of 
the apparatus set up 
for the run. 

Procedure. — The 
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sample containing not Fig. 88. — Apparatus for Determining Mercury, 
over 0.1 gram of mer- 
cury is placed in the crucible with 5 to 10 grams of fine iron filings and 
intimately mixed. Additional filings are put over the charge. Sul- 
phide ores containing arsenic are best mixed with about twice the 
weight of a flux of zinc oxide and sodium carbonate in the proportion 
4 to 1, and about five times the weight of iron filings added. 

The weighed silver cover is placed on the crucible and the ap- 
paratus set up as shown in the illustration, Fig. 88. 

The bottom of the crucible is gradually heated with a small 
M4ker flame until it glows slightly. Overheating should be avoided. 
The upper portion of the crucible should never become hot and the 
lid should remain cold. After heating for about thirty minutes the 
system is allowed to cool without disconnecting the condenser. The 
disk is now removed, dipped in alcohol and dried in a desiccator over 
fused potash or soda. The increase of weight of the dried disk is due 
to metallic mercury. 


Notes. If the sample contains less than 1 % mercury, take 2 grams; if 
1 to 2% mercury, take 1 gram; if the sample contains 2 to 5%, take 0.5-grain 
sample. If high in mercury, grind sample with sand and take an aliquot portion. 

It is advisable to repeat the test with a clean foil to be sure that all the 
mercury has been (hiven out of the sample. The foil may be freed from mer- 
cury by heating. • 
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VOLUMETRIC DETERMINATION OF MERCURY 

SEAMON’S VOLUMETRIC METHOD 

Seamon’s Volumetric Method. — Wei^^h 0.5 gram of the finely 
ground ore into an Erloumeycr flask of 125 cc. capacity. Add 5 cc. 
of strong hydrochloric acid and allow it to act for about ten minutes 
at a temperature of about 40° C., then add 3 cc. of strong nitric acid 
and allow the action to continue for about ten minutes longer. The 
mercury should now all be in solution. Now if lead be present, add 
5 cc. of strong sulphuric acid; it. may bo omitted otherwise. Dilute 
with 15 cc. of water and then add ammonia cautiouslv until the liquid 
is slightly alkaline. IMsinuth, if present, will be i>recipitated. Acidify 
faintly with nitric acid, filter, receiving the filtrate in a beaker, and 
wash thoroughly. 

Add to the filtrate 1 cc. of strong nitric acid tliat has been made 
brownish in coh)r by exposure Ir tin light, and titrate with a standard 
solution of potassium iodide until a drop of tlu*- liquid brought into 
contact witli a drop of starch indicator, on a spot-plat.e, shows a faint 
bluish tinge. It is a good plan to set. aside al)out one-third of the 
mercury solution and add it in portions until the end-point is suc- 
cessively passed, finally rinsing in the last portion and titrating to 
the end-point very carefully. 

Deduct 0.5 cc. from the burett.e reading and inulti])ly the remaining 
cc. used by the piu’centage value of 1 cc. in mercury to obtain the 
percentage in the ore. 

The standard potassium iodide solution should contain S.3 grams 
of the salt per liter. Standardize against i)urc mei curie chloride. 
Dissolve a weighed amount of the salt in water, add 2 cc. of the 
discolored nitric acid and titrate iiiS above. One cc. of standard solu- 
tion will be found equivalent to "^about 0.005 gram of mercury, or 
about ] % on the basis of 0.5 gram of ore taken for assay. 

The precipitate of red mercuric iodide which forms during the 
titration may not appear if the amount of mercury present, is very 
small, but this failure to precipitate does not appear to affect the 
result. 

Iron, copper, bismuth, antimony, and arsenic, wlien added sep- 
arately to the ore, did not influence the results in Seamon’s tests. 
Silver interferes. Duplicate results should check within 0.1 to 0.2 of 

1 %. 
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MOLYBDENUM 

Mo, at.wt. 96.0; sp.gr. 8.6-9.01; m.p. 2600° C.; oxides, MogOs, M 0 O 2 , 

MoO. 

OCCURRENCE 

The commercial ores of molybdenum are molybdenite, the native 
sulphide (MoSj), and wulfenile, lead molybdate. Occasionally molyb- 
denum ochre (the trioxide) may be met with, but this mainly occurs 
in very small proportion associated with mol^ybdenite as an oxidation 
product of the sulphide. 

Molybdenite is sold either as high grade selected mineral or as 
concentrates which are usually the product of flotation processes. 
The important detornii nations in molybdenite are molybdenum, 
arsenic, copper and phosphorus; sometimes bismuth is present and 
occasionally lead. 

Owing to the complex nature of wulfenite the determination of 
molybdenum is more difficult and the number of impurities which 
may be sought for is much greater. Some iron and copper ores also 
contain molybdenum. 

The metal is determined in certain self-hardening steels and alloys. 

The reagents ammonium molybdate and the molybdic acid, M0O3, 
are valuable for analytical purposes. Tests of their purity may be 
required. 

Minerals. — Molybdenite, M0S2, a bluish gray, opaque, sectile to 
malleable mineral with metallic lustre, foliated masses or scales like 
graphite, easily separated; soft, marks paper; greenish streak; hard- 
ness 1-1.5. With blowpipe flame on charcoal 8O2 evolved, soluble 
in nitric acid and in sulphuric acid (blue solution) distinction from 
graphite, which it strongly resembles. 

Molybdite, M0O3, an earthy yellow powder, opaque to translucent; 
streak yellow; hardness 1-2. 

Wulfenite, PbMo04, sometimes contains Ca, Cr, V, a yellow to 
orange-red, mineral with resinous lustre; hardness 3. Usually in 
thin, square, tetragonal crystals, occasionally in granular masses or 
acute pyramidal crystals. 


DETECTION 

Molybdenum appears in the hydrogen sulphide group, being precipi- 
tated by H2S in acid solution as the sulphide. It passes into solution by 
digestion with ammonium sulphide or sodium sulphide along with arsenic, 
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antimony, tin, gold, and platinum. By addition of metallic zinc, anti- 
mony, together with tin, gold and platinum arc precipitated as metals 
while molybdenum' remains in solution. Arsenic that has not vola- 
tilized as arsine, is expelled by evaporation. Nitric acid is now added 
and the solution taken to dryness. Molybdenum is extracted from 
the residue with ammonium hydroxide. 

A dilute solution of ammonium molybdate treated with a soluble 
sulphide gives a blue solution 

Sodium thiosulphate added to a slightly acid solution of ammonium 
molybdate produces a blue precipitate with a supernatant blue solu- 
tion. With more acid a brown precipitate is formed. 

Sulphur dioxide produces a bluish-green precipitate if sufficient 
molybdenum is present, or a colored solution with small amounts. 
The reducing agents, stannous chloride, or zinc in acid solution, pro- 
duce a play of colors when they react with molybdenum solutions, 
due to the formation of the lower oxides. The solution becomes blue, 
changing to green, brown and yelk w. 

Molybdenum present as molybdate is precipitated by disodium 
•phosphate as yellow phosphomolybdate from a nitric acid solution. 
The precipitate is soluble in ammonium hydroxide. 

A pinch of powdered mineral on a porcelain lid, moistened with a 
few drops of strong sulphuric acid^ stirred and heated to fumes, then 
c^led, will produce a blue color when breathed upon. The color 
disappears on heating, but reappears on cooling. Water destroys the 
color. 

Molybdenite is very similar to graphite in appearance. It is dis- 
tinguished from it by the fact that nitric reacts with molybdenite, 
M0S2, leaving a white residue, but has no action upon graphite. The 
blowpipe gives SO2 with molybdenite and CO2 with graphite. 


SUGGESTION TO STUDENTS 

Follow the procedure given on the following page determining molybdenum 
as lead molybdate. Avoid addition of a large excess of the lead salt in the pre- 
cmitation of molybdenum and be sure that the excess is removed before ignition 
of the lead molybdate, otherwisti some metallic lead will be formed with the 
precipitate. 

Alter becoming familiar with the gravimetric method take up the study of 
the volumetric method for molybdenum. 
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Preparation and Solution of the Sample 

In dissolving the substance the following facts should be kept in 
mind. The metal is easily soluble in aqua regia; soluble in hot con- 
centrated sulphuric acid, soluble in dilute nitric acid, oxidized by 
excess to M 0 O 3 . It is dissolved by fusion with sodium carbonate and 
potassium nitrate mixture. It is insoluble in hydrochloric, hydro- 
fluoric and dilute sulphuric acids. 

The oxide M0O3 is but slightly soluble in acids and alkalies; 
M0O2 is insoluble in hydrochloric and hydrofluoric acids. M0O3, as 
ordinarily precipitated, is soluble in inorganic acids and in alkalies. 
The oxide sublimed is difficultly soluble. 

Molybdates of the heavy metals are insoluble in water, the alkali 
molybdates are soluble. 


General Procedures for Decomposition of the Sample 
and Separation from Interfering Substances 

Acid Method. — About 0.25 to 5 grams of the sample (depending 
on the molybdenum content, about 0.15 g. desired) are treated in a 
flask with 15 cc. of HNO 3 and heated until the brown fumes are expelled. 
5 to 10 cc. of nCl are added and the solution evaporated to dryness. 
The residue is taken up with about 100 cc. of hot water and the solu- 
tion made strongly ammoniacal and heated to boiling and filtered hot. 
The residue of iron, etc. is washed several times with hot water. 
The filtrate is placed aside for subsequent use. 

The precipitate, after puncturing the paper, is washed down into 
the flask in which the precipitation was made, using dilute HCl in 
sufficient amount to dissolve the hydroxides. Iron, alumina, etc. are 
again precipitated from a hot solution by adding ammonia, boiling, 
filtering and washing with hot water (at least five times). The fil- 
trate is combined with the first. All the molybdenum is now in so- 
lution, and a separation from iron, aluminum, chromium, silicon is 
effected. 

Fusion Method. — The sample is fused in an iron or nickel crucible 
with 8-10 parts of any of the following mixtures: 

Sodium carbonate and peroxide (1:1) 

Sodium hydroxide and peroxide (1 : 1) 

Sodium or potassium carbonate with sodium nitrate (10:2) 

Sodium peroxide. 

The fusion is leached with hot water, boiled, filtered and washed. 
The residue is dissolved in HNO 3 , the solution diluted to about 100 cc. 
and heated to near boiling and sodium hydroxide added in sufficient 
amount to completely precipitate iron, aluminum, etc. The precipitate 
is filtered off while still hot, and the filtrate combined with the water 
extract. All of the molybdenum is now in solution. The solution 
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is acidified with HCl and taken to dryness, to dehydrate the silica. 
Water is now added and the solution made arnrnoniacal and boiled, 
then filtered and the residue washed at least five times with hot 
water. Molybdenum passes into the filtrate. 

Molybdenum in Steel or Iron. — The preparation of the sample 
does not differ materially from the general procedures already given. 
About 2 grams of the matonal are taken and dissolved in 25 cc.of HCl 
and 2 cc. of HNOa, more HNOa (or KClOa) being added to oxidize the 
iron if necessary. The solution is taken to dryness, taken up with 
water, boiled and poured into an excess of NaOH solution, preferably 
hot. Iron precipitates and molybdenum remains in solution. Resolu- 
tion of the precipitate and reprecipitation is advisable, to prevent any 
loss due to occlusion of Mo in the precipitate. Molybdenum passes 
into the filtrate, the residue liaving been filtered and washed with hot 
water. 

If the lead molybdate method is to bo followed in presence of 
Ba, Sr, U, As, Cd, and Al, 10-1.5 cc. of HCl arc added in excess of that 
necessary to neutralize the somtiou, and then sufficient ammonium 
acetate to coml)ine with the free mineral achd. Ordinarily the pro- 
cedure following makes allowance for the usual impurities present. 
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GRAVIMETRIC METHOD FOR DETERMINING 
MOLYBDENUM 

PRECIPITATION AS LEAD MOLYBDATE 

Preliminary Remarks. — This method is not interfered with by 
the presence of large amounts of acetic acid, lead acetate, or alkali 
salts (except sulphates). The paper need not be ignited separately 
and prolonged ignition at a much higher temperature than is necessary 
to destroy the paper does no harm. From faintly acid solution lead 
molybdate may be precipitated free from impurities in the presence 
of copper, cobalt, nickel, manganese, zinc, magnesium and mercury 
salts. It may be readily separated from iron and chromium. Barium, 
strontium, uranium, arsenic, cadmium and aluminum do not interfere 
if an excess of hydrochloric acid has been added to the solution fol- 
lowed by lead acetate and sufficient ammonium acetate to destroy 
the free mineral acid. 

The method is not adapted to use with molybdenite, M 0 S 2 , be- 
cause of the suphatc that forms on oxidation. Vanadium and tungsten 
must be removed. 

Special Reagents. Lead Acetate. — A 4 % solution is made by 
dissolving 20 grams of the salt in 500 cc. of warm water. A few cc. of 
acetic acid are added to clear the solution. 


PROCEDURE 

The molybdenum in the form of soluble molybdate, as obtained 
under one of the procedures given under “ decomposition of the 
sample ” is diluted to a volume of approximately 350 cc. The solution 
is made acid with HCl, using methyl orange indicator, and about 
5 cc. excess of HCl added. 5 to 10 grams of ammonium acetate and 
2 to 5 cc. of acetic acid are now added. (The addition of a little am- 
monium nitrate is advantageous in preventing the formation of col- 
loidal lead molybdate in the subsequent step.) The solution is placed 
on a hot plate and brought to boiling. 

Precipitation. — To the hot solution is added slowly from a burette 
the lead acetate reagent, until a test drop taken from the solution 
gives no color change with a drop of freshly made tannic acid solution 
on a test plate. (Tannic acid 0,1 gram per 20 cc. of water). The 
disappearance of the brown color indicates that all the molybdenum 
has been removed from solution by precipitation. (1 cc. of the 4% 
lead acetate reagent will precipitate about 0.01 gram of molybdenum.) 
Now 2-5 cc. excess of the reagent are added and 5-10 cc. of acetic 
acid (amount depending on amount of Cu, Ca, Ni, Zn, Co, Mn, Cd, 
etc. present). The solution and precipitate is again placed on the hot 
plate, and boiled until the precipitate has crystallized and settled. 
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The precipitate is filtered hot. If the amount is large it is best to 
wash twice by decantation with 2 to 3% ammonium acetate and then 
on the filter five times. (The addition of ammonium acetate to the 
wash water assists in removal of the excess of lead.) The last three 
washings may be well accomplished with a 2 to 3% of ammonium 
nitrate. 

Ignition. — The washed filter and precipitate are ignited at dull 
red heat in a porcelain crucible, until the precipitate becomes a 
yellowish white color. The residue is cooled in a desiccator and 
weighed as PbMo 04 . 

PbMo 04 X 0.2615 = Mo. (Sec additional factors at end of text.) 

Notes. — Separation from Vanadium is effected by a molybdenum sulphide 
precipitation in acid solution. 

Separation from Tungsten. ~ Molybdenum, precipitated with tungsten 
by the lead' molybdate method, is ignited and the mixture then treated with 
hydrochloric acid and a few drop.s of nitric acid and evaporated nearly to dry- 
ness. _ Dilute hydrochloric acid is sddeJ and the solution filtered. Tungsten 
remains undiasolved. 

Molybdenum may be precijiitated by H2S as M0S2 in presence of tartaric 
acid. Tungsten does not precipitate. 



METALLURGICAL ANALYSIS 


393 


VOLUMETRIC METHODS FOR THE DETERMINATION 
OF MOLYBDENUM OR MOLYBDIC ACID 

ESTIMATION BY REDUCTION WITH JONES REDUCTOR AND OXI- 
DATION BY STANDARD PERMANGANATE SOLUTION 

Principle. — llie procedure depends upon the reduction of molybdic acid 
to M 02 O 8 by passing its solution through a column of amalgamated zinc into a 
solution of ferric alum, and subsequent oxidation to 
MoOs by standard potassium permanganate solution. 

Reactions. — ‘ 2 M 0 O 3 + 3Zn = Mo20a + 3ZnO. 

5 M 02 O 3 + 6 KMn 04 + 9 H 2 SO 4 - IOM 0 O 3 

+ 3K2SO4 + 6 MnS 04 + 9H2O. 

The reductor shown in Fig. 89 should contain i^a 
column of 20 mesh amalgamated zinc | inch in diameter 
and 10 inches long. If the molybdenum solution is given 
a preliminary reduction by heating with 2 grams of 20 
mesh zinc for the purpose of precipitating copper (which 
is subsequently removed by filtration on asbestos), the 
length of the zinc column may safely and advantageously 
be reduced to The lengths specified apply only to a 
column I inch in diameter; thii lengths for tubes of differ- 
ent diameters would have to be determined experiment- 
ally. The zinc [should be as free from iron and as low in 
other impurities as possible. 

If the reductor has been standing idle for longer than 
one day it is cleaned by passage of 50 cc of 6 % sulphuric 
acid,*! and 50 cc. of water, both at room tc'mperature, a 
small amount of the water being left in the funnel 
which forms the reductor inlet. The* acid and water are 
discarded after having been passed through the reductor. 

These operations are only necessary w'hen the reductor 
has been standing idle for some time. 

The required amount of ferric phosphate solution 
and sufficient water (about 50 cc.) to cause the tip of 
the reductor outlet tube to dip beneath the surface of 
the liquid are added to the flask. 

The molybdenum solution (volume 50 to 100 cc., 
acidity 6 % H2SO4) which may be at room temperature 
or slightly warm, is passed through the reductor rapidly. 

The total time required for the passage of the molyb- 
denum solution and the liquids wnich follow it need not 
exceed from 1 to 3 minutes. No advantage results from 
liaving the solution hot — on the contra^, the greater 
action of the hot acid solution on the zinc is a disadvan- 
tage. No increase in accuracy is obtained by passing 
the solution thj-ough the reductor at a slower rate than 
that specified. 

When the funnel which forms the inlet of the reductor is nearly but not 
entirely empty, 150 cc. of water at room temperature are passed through the 
reductor. In the case of samples containing relatively small amoimts of molyb- 
denum, 100 cc. of water is sufficient. In no case is the funnel permitted to be- 
come entirely empty and the stopcock is closed while some of the wash water 
remains above the surface of the zinc. 

The solution is titrated with N/10 KMtiOa solution. 
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INDUSTRIAL PRODUCTS AND RAW MATERIALS 

Determination of Molybdenum in Wulfenite or Molybdenite ^ 

Procedure. — 1 . Solution. One gram of the finely ground ore is 
dissolved by treatment with 15 cc. of nitric acid (sp.gr. 1.42) and 7 cc. 
of sulphuric acid (sp.gr. 1.84) at a temperature just short of boiling 
in a 150 cc. covered beaker. When practically complete deoomposi- 
tioii has been effected, the liquid is evaporated until fumes of sulphur 
trioxide are freely expelled. After cooling addition is made of about 
40 cc. of water, the solution is boiled to dissolve the molybdenum, 
cooled to room temperature and filtered into a 250 cc. beaker. The 
residue, consisting of lead sulphate, silica, etc., is washed with very 
dilute H2SO4. 

The residue rarely, if ever, eontain.? Mo, nevertheless it should be examined 
to make sure that decomposition u. complel-e. To this end it is digested with 
15 cc. to 25 cc. of ammornum acetate solution (prepared by mixing 8 cc. of 
NH40H(0.90) with 10 cc. of H^O and addmg 7 cc. of 99 % C2H4O2) to remove all 
lead sulphate. The filter paper is washed wath hot dilute acetic acid and with 
water. It is then ignited in a platinum crucible and the silica is removed by treat- 
ment with a drop of sulphuric acid and several cc. of hydrofluoric acid and 
evaporating to the expulsion of sulphuric acid. If an appreciable residue remains 
after this treatment, it is fused with iiotassium pyrosulphate and tested for 
molybdenum by means of tartaric acid and ammonium sulphide as described 
later. 

2. To the solution containing all of the molybdenum there is 
added sufficient ferric sulphate to provide ten times as much iron as 
there is arsenic present, (the ratios of iron to the salts are as follows: — 

(Fe->FeS04(NH4)2S04.6H20 1:7 or Fe-^Fe2(S04)3.9H20 1:10) 

from 0.2 to 0.3 gram of iron is usually ample. The acid solution is 
then nearly neutralized with ammonia (addition of a sufficient amount 
to impart a red tint to the clear yellow solution fs to he avoided), 
heated nearly to boiling and poured very slowly and with vigorous 
stirring into 75 cc. of warm ammonia solution (15 cc.= NH4OH 1.90 
sp.gr. 60 cc. of H2O) contained in a 250 cc. beaker. When it has settled 
the ferric hydroxide (which will carry down quantitatively all arsenic 
in the ore) is filtered and ^vashed thoroughly with hot water. The 
filtrate containing the molybdenum is set aside for subsequent treat- 
ment. 

The Fe(OH)3 precipitate is dissolved in a slight excess of hot 
dilute (1:4) sulphuric acid and the resulting solution is again heated 
to boiling and poured into 75 cc. of warm ammonia solution as before; 

» Method of Ledoux and Co. and the Electro Metallurgical Co bv A M 
Smoot and J. A. Holladay. ■» • • 
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the iron hydrate is again washed. The two filtrates, which will contain 
all the molybdenum, are united in a 600 cc. beaker. 

It is essential that arsenic, which is usually present in these ores, Ik; eliminated, 
and the method described furnishes a simple and effective way for accomplishing 
this. The addition of ferric sulphate would be omitted only in case arsenic is 
known to be absent or when the ore itself carries sufficient iron to take care of 
the arsenic. 

3. To the combined ammoniacal filtrates there are added 2 grams 
of tartaric acid and when the acid has dissolved the liquid is saturated 
with hydrogen sulphide. The presence of tartaric acid is necessary to 
prevent precipitation of vanadium and tungsten along with the molyb- 
denum. 

Both of these elements are ordinary constituents of wulfenite concentrates. 
Under these conditions the molybdenum remains in the solution as ammonium 
thioinolybdate, (NIl 4 ) 2 MoS 4 , which imparts a deep red color to the solution. 
If a small precipitate of insoluble sulphides separates out, it is filtered off and 
washed with dilute ammonium sulphide solution; if tlu* solution remains clear 
this step IK omitted. Copper in the amounts usually present remains entirely in 
solution at this point and is reprecipitated with molybdenum when the solution 
is subsequently acidified. 

4. The thiomolybdatc solution is made slightly acid witli sulphuric 
acid (1:2), molybdenum precipitates as trisulphidc. 

The cessation of effervescence on addition of more acid and the disappearance 
of the red color of the ammonium thiomolybdatc mark the point where sufficient 
acid has been added to complete the rca(;tions 

5. After heating for a short time, the precipitate is allowed to 
settle and filtered on an 11 cm. paper and washed thoroughly with 
hydrogen sulphide water containing a small amount of sulphuric acid. 
Addition of paper pul]) aids the filtration. 

5a. Note. The filtrate from the molybdenum sulphide sometimes contains 
appreciable amounts of molybdenum; addition is made to it of 15 ci;. of nitric 
acid (sp.gr. 1.42) and the solution is evaporated to fumes of sulphur trioxide, 
more sulphuric acid lieing added if sufficient is not already present. After allowing 
it to cool, 5 C(L of concentrated nitric acid are added and the solution is again 
evaporated to fumes The addition of nitric acid and evaporation to strong 
fumes is repeated once more to insure the destruction of all organic (compounds. 
After allowing to cool, sufficient water is added to dissolve all salts, two ptims 
of tartaric acid are added, and after addition of an excess of ammonia (sp.gr. 
0.90) the warm liquid is thoroughly saturated with washed hydrogen sulphide 
and filtered. The filtrate is acidified with sulphuric acid (1:2) and if after 
standing for fifteen to thirty minutes in a warm place any molybdenum trisul- 
phide has sepaiiated out it is filtered, washed well with hydrogen sulphide water 
containing a small amount of sulphuric acid, and combined with the main pre- 
cipitate. The precipitation of the molybdenum as sulphide when c.arried out 
as described effects the separation and removal of tungsten, vanadium and 
chromium. 

6. The molybdenum sulphide precipitate and paper, or precipitates 
and papers, are put into a 250 cc. beaker and treated with 6 cc. of 
sulphuric acid (sp.gr. 1.84) and 10 cc. of nitric acid (sp.gr. 1.42) and 
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the liquid is cautiously boiled until dense fumes of sulphur trioxide 
are freely evolved. After allowing it to cool somewhat, 5 cc. of nitric 
(sp.gr. 1.42) are added and the evaporation is repeated. The evapora- 
tion with 5 cc. portions of strong nitric acid is repeated several times 
until the filter iiaper has been completely destroyed and every trace 
of yellow color, due to carbonaceous matter, has disappeared. When 
this has been accomplished the solution is fumed strongly for a short 
wliile, cooled, 5 cc. of water added and the liquid again taken to 
fumes of sulphur trioxidc in order to insure the expulsion of every 
trace of nitric acid. 

7. When cool, addition is made of approximately 75 cc. of water 
and the contents of the beaker arc boiled for a few minutes, which 
should give a perfectly clear solution. Five grams of granulated zinc 
(0.002% iron or under) arc then added and the solution is warmed 
until most of the zinc has dissolved; this results in partial reduction 
of molybdenum and complete precipitation of copper, which is usually 
present. 

8. The liquid is then filtered on an asbestos or “ alundum ” filter 
to remove the undissolvcd zinc and the copper. 

9. All the molybdenum in the solution is then reduced from the 
sexivalent to the trivalent condition by passage through the zinc re- 
ductor into a solution of ferric sulphate containing phosphoric acid. 

10. The solution is then titrated with N/10 permanganate. 

The details of the redactor and the method of preparing it are given on 
page 393, 

It is essential to run a blank determination, using the same quantity of zinc 
that was used to .separalt^ copper and the same volumes of water and acid — 
passing the solution through the rcductor under the same conditions. With 
good zinc the correction mny be about 0.2 cc. 

ni 44 nnufi 

1 oc. N/10 KMnO^ = ^ gram of MoOaand « ^ — gram of Mo. 

1 cc. of N/10 KMn 04 = .0048 g. MoOj and .0032 g. of Mo. 

Fe factor of KMn 04 X 0.5725 — Mo factor. 

METHOD FOR DETERMINING MOLYBDENUM AND VANADIUM 
WHEN PRESENT IN THE SAME SOLUTION 

Principle of the Method. — The procedure depends upon the fact 
that vanadic acid alone is reduced by SO 2 in a sulphuric acid solution, 
whereas both vanadic and molybdic acids are reduced byt amalgamated 
zinc, in each case the reducing agents forming definite lower oxides 
which are readily oxidized to definite higher oxides by KMn 04 . 

Reactions. 

SO 2 Reduction ; 

1 . VjOc + SO 2 = V 2 O 4 -h SO 3 . • (No action on M0O3.) 



METALLURGICAL ANALYSIS 


397 


Zn Reduction : 

2. VaOs 4" 3Zn = V 2 O 2 4" 3ZnO. 

3. 2 M 0 O 8 4- 3Zn «= M 02 O 3 4* 3ZnO. 

KMnOi Oxidation: 

4. 5 V 2 O 4 4" 2 KMn 04 4“ 3 H 2 SO 4 = 5 V 2 O 5 4" K 2 SO 4 4" 2 MnS 04 4* 3 H 2 O. 

5. 5 V 2 O 2 4- 6KMn04 4- 9 H 2 SO 4 = 5V20b 4* 3 K 2 SO 4 4- 6MnS04 4- 9 H 2 O. 

6. 5 M 02 O 3 4" 6 KMn 04 4* 9 H 2 SO 4 = IOM 0 O 3 4" 3 K 2 SO 4 4" 6MnS04 4“ 9 H 2 O. 

From the reactions “ 4 ” and “ 5 ” it is seen that three times the 
amount of KMn 04 is required to oxidize V 2 O 2 to V 2 OB as is required 
in the case of V2O4, hence — total cc. KMn 04 required in oxidation 
of the zinc-reduced oxides minus three times the cc. KMn 04 required 
in oxidizing the tetroxide of vanadium formed by the sulphur dioxide 
reduction = cc. KMn 04 required to oxidize M02O3 to M0O3. From 
these data molybdenum and vanadium may readily be calculated. 

Method of ^ocedure. — A, Vanadic Acid. — The solution containing 
the vanadic and molybdic acids in a 250 to 300 cc. Erlenmcyer flask, 
is diluted to 75 cc., acidified with 2 to 3 cc. of strong sulphuric acid, 
heated to boiling and the vanadic acid reduced by a current of SO 2 
passed into the solution until the- clear blue color indicates the com- 
plete reduction of the vanadic acid to V 2 O 4 . The boiling is now 
continued and CO 2 passed into the flask to expel the last trace of SO 2 . 

Standard N/10 KMu ()4 is now run into the reduced solution to 
the characteristic faint pink. From reaction “ 4,’' vanadic acid may 
be calculated. 

One cc. of N/10 KMn 04 - .0182 gram V 2 O 5 = .0051 gram vanadium. 

B. Molybdic Acid. — The reduction by Jones' redactor, and titra- 
tion of the combined acids reduced by amalgamated zinc with N/10 
potassium permanganate solution, is carried out exactly as described 
in the determination of molybdic acid alone. In this case 50 cc, of, 
10% ferric alum and 8 cc. of the phosphoric acid is placed in the 
receiving flask. 

Calculation. — Total permanganate titration in B minus three times 
the titration in A gives the permanganate required to oxidize M 02 O 3 
to M 0 O 3 . From equation 6 the molybdic acid may now be calculated.^ 

One cc. of N/10 KMn04 - 0.0048 gram of M0O3 = 0.0032 gram of 
molybdenum. 

1 The Editor acknowledges valuable assistance received from Messrs. A. M. 
Smoot, Technical Director, Ledoux & Co., and J. A. Holladay, Chemist Electro- 
metallurgical Co., and J. P. Bonardi, Mines and Smelter Supply Co. 
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NICKEL 

Ni, at. wt. 68.68; sp.gr. 8.6-^.9; m.p. 1462° C.; oxides, NiO, NisOi. 

The determination of nickel is required, principally, in the analysis 
of ores, metallic nickel and its alloys, but is also required in the 
analysis of metallic cobalt and cobalt products as well as in a host of , 
miscellaneous materials. 

In the majority of cases the results of a nickel determination are 
calculated in terms of metallic nickel. Even in the determination of 
nickel in nickel-plating solution the results are calculated in terms of 
metallic nickel since this is the factor by which the solutions are 
controlled. 


OCCURRENCE 

Nickel occurs native only in meteoric iron. It is found combined 
in a number of minerals. 

Minerals. — Millerite, Capillary Pyrites, NiS, a brass-colored, 
opaque mineral with metallic lustre, occurring in hair-like or in needle 
crystals, often interwoven in crusts; greenish-black streak; hardness 
3-3.5. 

Niccolite, Copper Nickel, NiAs, a massive, pale copper-red, opaque, 
brittle mineral with metallic lustre, fine-grained structure; streak 
brownish-black; hardness 5-5.5. 

Garnierite, Noumeit, Il2(Ni.Mg)Si04 x H-jO, a pale greenish- white 
to dark green, brittle, opaque, mineral with vitreous to dull lustre, 
loosely packed earthy mass; streak light green to white; hardness 
2-3. 

Pentlandite, (Fe,Ni)S; Annabergite, Ni3(As04)2.8H20, Chloan- 
thite, NiAs2. 


DETECTION 

After bringing the sample into solution by one of the methods 
described under Preparation and Solution of the Sample, silica is 
removed, if present, in the usual manner, by evaporating the solution 
to dryness in the presence of an excess of hydrochloric acid, dissolving 
the residue and boiling with hydrochloric acid and filtering off the 
silica. 

Dimethylglyoxime ■will precipitate nickel as oxime from an acetic 
acid solution containing sodium acetate and in this manner separate 
it from cobalt, manganese and zinc. After precipitating iron, alumi- 
num and chromium and filtering them off, the solution is slightly 
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acidified with hydrochloric acid, then is neutralized with sodium hy- 
droxide, and acidified with acetic acid. A solution of dimethyl- 
glyoxime is added, when nickel, if present, will be precipitated as a 
flocculent red precipitate. 

Nickel may be detected in the presence of cobalt by adding a 
solution of sodium hydroxide to the solution of cobalt and nickel 
until a slight precipitate is formed, then somewhat more potassium 
cyanide than is necessary to rcdissolve the precipitate and finally 
two volumes of bromine water. Warm gently and allow to stand 
for some time. If a precipitate of nickel hydroxide separates, filter, 
wash and test with the borax bead. 

Alpha benzildioxime added to an ammoniacal solution of nickel 
precipitates an intensely red salt having the composition C28H22N404Ni. 
This precipitate is very voluminous. Silver, magnesium, chromium, 
manganese and zinc do not interfere with this reaction. 
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METHODS FOR THE DETERMINATION OF NICKEL 

Preparation and Solution of the Sample 

Nickel, chemically, is not an active element. It is not attacked at, 
ordinary temperatures by air or by water. Organic acid attacks it butj 
feebly after long periods of contact. Sulphuric and hydrochloric acid'\ 
dissolve it slowly. It is readily attacked, however, by nitric acid. 
Alkalies in molten condition or in water solution have little effect on 
the clement.^ \ 

The materials in which nickel occurs ordinarily, may, in general, 
be brought into solution by treatment with acids, but in the case of 
some refractory ores and alloys, a fusion is required first to make the 
acid treatment effective. When treating ores containing sulphides or 
arsenides a strong oxidizing treatment is necessary to break up these 
compounds. Metallic nickel, as stated above, is best dissolved by 
treating with nitric acid. Nickel alloys may be dissolved in a mixture 
of hydrochloric acid and nitric acid. 

General Procedure for Ores. — One gram of the finely powdered 
ore is weighed into a porcelain dish and mixed intimately with 3 grams 
of powdered potassium chlorate. The dish is covered with a watch- 
glass and 40 cc. of concentrated nitric acid added slowly. The dish is 
allowed to stand in a cool place for a few minutes, then placed on a 
water bath and digested until the sample is completely ciecoini)oscd, 
stirring the mixture frequently with a glass stirring rod, and adding a 
little potassium chlorate from time to time until the decomposition is 
complete. The watch-glass is then removed and any particles that 
may have spattered on it are washed back into the dish and the 
evaporation continued to dryness. This evaporation to dryness is 
repeated with the addition of 10 cc. of concentrated hydrochloric acid, 
and the silica dehydrated by heating for an hour or more in an air 
oven at 110° C. The dry residue is moistened with concentrated 
hydrochloric acid and the sides of the dish washed down with hot 
water, the mixture heated to boiling and allowed to boil for a few 
minutes, then withdrawn from the heat and filtered, hot, after the 
insoluble matter has settled. 

Treat the filtrate for the removal of interfering elements as directed 
under Separations. 

Fusion Method. — The above method is used where it is desired 
to determine insoluble matter or “ gangue.^’ As a method of bringing 
the nickel in 'the sample into solution it is quite satisfactory and when 
the insoluble matter burns to a pure white ash the ignited residue 
may be weighed as silica, but in some cases this method does not 
give sufficient information regarding the composition of the gangue. 

If it is necessary to make a complete analysis it is usually better 

^ Footnote Ref. Cir. 100 U. S. Bureau of Standards. 
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to fuse the sample with the sodium and potassium carbonate mixture 
containing a little potassium nitrate and then treat in the usual 
manner to determine silica. 

Potassium Bisulphate Fusion. — In the treatment of nickel and 
cobalt oxides these are ground to a fine powder and a representative 
sample of 1 gram is fused with 10 grams of potassium bisulphate. 
This may be done in a porcelain or silica crucible or dish or in a 
“ Low ” decomposition flask. See Introduction § 24, 3. The melt is 
extracted with water and the silica filtered off. 

Solution of Metallic Nickel and Its Alloys. — From 1 to 5 grams 
of the well-mixed drillings arc treated with a minimum quantity of 
nitric acid and 20 cc. 1 : 1 of .sulphuric acid added and the solution 
evaporated to fumes of sulphur trioxide. The fuming is continued for 
ten minutes. The concentrate is diluted carefully with a little water and 
the insoluble filtered off. 



402 


METALLURGICAL ANALYSIS 


GRAVIMETRIC DETERMINATION OF NICKEL 

PRECIPITATION OF NICKEL BY DIMETHYLGLYOXIME 

This method has been demonstrated by O. Brunck (Zeit.f.ang. 
Chem., 20, 1844) to be the most accurate and expeditious procedurej 
known for nickel. By this method one part of nickel may be de- 
tected in 400,000 parts of water in presence of 5,000 parts of cobalt. 
The nickel precipitate with this reagent is almost completely insoluble 
in water and is only very slightly soluble in acetic acid, but is easily 
decomposed by strongly dissociated acids, so that the precipitate is 
incomplete in neutral solutions of nickel chloride, nitrate, or sulphate, 
owing to the formation of free acid by the reaction. 

Reaction: 2(CH3)i!C2N202H2 + NiCL = [(CH3)2C2N202H]2. Ni + 2HC1. 

The free acid that is formed is neutralized with sodium, potassium 
or ammonium hydroxides, or by addition of the acetate salts of 
these bases, and nickel is completely precipitated from the solution, 
not even a trace being found in the filtrate. 

The quantitative determination of nickel in the presence of other 
metals is a simple operation. The nickel should be in the form of a 
convenient salt. 

The concentration of the .solution does not matter, the precipitation 
can take place in a solution highly concentrated, or in very dilute 
solution. The reaction is not hindered by the presence of ammonium 
salts. 

Iron, alumina, chromium, cobalt, manganese and zinc do not 
interfere. Copper may be present to an extent of sixty per cent of 
the material examined. With higher per cents of copper, it is ad- 
visable to redissolve the precipitate with dilute hydrochloric acid 
and after addition of 5-10 cc. of the reagent (dimethylglyoxime) 
reprecipitate the nickel by making the solution ammoniacal. An 
excess of ammonia is necessary 'to prevent the copper, if present in 
large amount, from precipitating with the nickel. A large excess of 
ammonia is to be avoided, however, as the oxime is soluble in am- 
monia. 

Theoretically, four parts of dimethylglyoxime (as a salt i.e. 40 cc. 
of the reagent to 0.1 g. of Ni) added as a 1% alcoholic solution, are 
necessary for one part of nickel, but an excess is usually required, and 
a large excess does no harm, provided the volume of the alcohol does 
not exceed more than a half of the water solution containing the 
nickel, as alcohol has a solvent action on the nickel oxime. 

The compound is very stable and volatilizes, undecomposed at 
250® C. If confined, however, it. may be ignited to the oxide NiO. 
This may be accomplished by enclosing the compound in a wet 
filter, carefully folded, the filter charred, without burning, and the 
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heat gradually raised to redness, the crucible being covered. The 
ignition is completed with uncovered crucible. 

Reagents. — Dimethylglyoxime, (CH3)2C2(NOH)*2. Ten grama of 
the salt are dissolved in 1000 cc. of strong alcohol. Theoretically 
40 cc. of the reagent are required to precipitate 0.1 gram of nickel. 
In practice 50 cc. are used; a larger amount does no harm. 

Tartaric or Citric Acid. — 50% solution. Use 15 cc. per gram of 
iron in the sample. 

Method of Procedure. — 1. Solution of the Sample — Under 
Preparation and Solution of the Sample ” select the method for 
the special class of material being examined and treat according to 
the directions given. The quantity of the sample taken for the pre- 
cipitation is governed by the amount of nickel present. This nickel 
content should not exceed 0.1 gram of Ni, as the nickel glyoxime is 
voluminous and difficult to handle in large amounts. If a large 
sample is taken it may be dissolved, made to a definite volume and 
an aliquot portion taken for precipitation. 

2. If hydrogen sulphide has been used, expel this by boiling the 
acid solution and dilute the solution to about 300 cc. 

3. Add ammonium hydroxide in just sufficient quantity to neu- 
tralize the free acid and then a few drops in excess. Observe whether 
a precipitate forms. If it does, add more ammonia and observe 
whether this redissolves. (If H 2 S treatment has been omitted copper 
if present will appear here, but redissolves in an excess of ammonia.) 
Iron, cluomium, aluminum will precipitate if present. 

4. If a precipitate forms, add tartaric or citric acid solution, 
(which prevents precipitation of iron, aluminum and chromium) 5 cc. 
if these impurities are present in comparatively small amounts or 
15 cc. in analysis of steel alloys. Add also 5-10 cc. of ammonium 
chloride (10% solution) to keep any zinc, manganese or magnesium in 
solution. 

5. Again make arnmoniacal with ammonia. If a precipitate forms, 
which persists with additional ammonia, dissolve by addition of hy- 
drochloric acid and then make arnmoniacal. This generally is sufficient 
to give a clear solution. (The tartaric or citric acid reagents should be 
filtered if cloudy, before using.) If not, add more tartaric or citric 
acid and repeat the operation. 

6. To the clear solution add 50 cc. of the dimethylglyoxime reagent 
per 0.1 gram of nickel present, or five times by weight (in terms of 
the salt) of the nickel present. 

7. Add ammonium hydroxide to neutralize the acid formed by 
the reaction, and then a sufficient excess so that the solution is dis- 
tinctly arnmoniacal, but not a large excess. The precipitation of the 
scarlet-red nickel glyoxime, is hastened by stirring. Place the mixture 
on a warm plate for about 30 minutes to an hour. Do not boil, and 
avoid a free flame as the alcohol is inflammable. Test the clear solution 
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for nickel with more of the reagent, to be sure that a sufficient amount 
hai been added. 

8. Filter into a weighed Gooch crucible. (A platinum Gooch 
with platinum mat is excellent for this purpose.) A filter paper with 
a counterbalance filter paper, may be used in place of the Gooch, 
the counterbalanced paper being treated with the reagents just as 
if it contained the precipitate. It is dried alongside of the other 
paper and again used as a counterbalance when the salt is weighed. 

9. Wash the compound free of impurities. Ten washings should 
be sufficient. (If the compound is dark reddish-brown, dissolve in 
dil. HCl and reprecipitate by adding NH 4 OH and about 10 cc. of 
the glyoxirne reagent.) 

10. Dry the preci})itate at 110°-120° C. for about 1 hour, and 
jweigh. Repeat the drying in the oven for another 10 minutes and 
again weigh. If the weight has remained constant, calculate the 
nickel present. The salt should be dried to constant weight. 

11. The glyoxirne contains 20J^2% nickel. Hence the weight mul- 
tiplied by 0,2032 gives the nickel in the compound. Calculate the 
per cent in the sample analyzed. 

Note. The sample should not contain over 0 1 gram of cobalt. If much 
cobalt is present use about 7 : 1 of the reagent in place of 5:1. The cobalt 
oxime is soluble in the reagent. 

PRECIPITATION OF NICKEL BY ELECTROLYSIS 

This precipitation is conducted in exactly the same manner as the 
one described under Cobalt for the Precipitation of Cobalt by Elec- 
trolysis, and requires that the same precautions be exercised in the 
practice of the method. 

In the presence of cobalt the two elements may be determined 
together by electrolysis as described below and the deposited metal 
redissolved and the two elements separated by one of the methods 
given under Cobalt or Nickel. 

Procedure. — After the sample has been brought into solution by 
one of the methods outlined under Preparation and Solution of the 
Sample, the solution is evaporated with 20 cc. of 1 : 1 sulphuric acid 
for every gram of metal in the sample. The evaporation is continued 
until the solution has fumed strongly for ten minutes. Cool carefully 
and dilute with 20 cc. of water. Heat the solution to nearly boiling 
and pass hydrogen sulphide for one hour to precipitate members of 
the second group. This long treatment is necessary tb insure com- 
plete precipitation of arsenic.^ Filter and boil to expel hydrogen sul- 
phide. Add 5 cc. of nitric acid to insure oxidation of iron compounds 
to the ferric state and add ammonium hydroxide until just slightly 

\ The addition of a small piece of filter paper to the material during the 
fuming stage will reduce the arsenic and hasten its predpitotion as suljmide, 
shortening the time stated above. 
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alkaline. Filter off the ferric hydroxide and wash with water contain- 
ing a small quantity of ammonium hydroxide. To recover occluded 
nickel dissolve the precipitate in hydrochloric acid and reprecipitate 
the iron with addition of a little hydrogen peroxide. Combine the 
filtrates. Evaporate to about 250 cc. and add 50 cc. of strong am- 
monium hydroxide and electrolyze as described under Cobalt, page 234. 

The increase in weight of the electrode is the weight of cobalt and 
nickel in the sample. The percentage of cobalt and nickel in the 
sample is found by multiplying the increase in weight of the electrode 
by 100 and dividing by the weight of the sample. 

Note. The deposition of cobalt and nickel by the above method has been 
found to be the most accurate of the electrolytic methods. In the solutions 
containing the organic acids there is always more or less carbide deposited on the 
cathode with the metal. This causes high results. 
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VOLUMETRIC METHOD FOR NICKEL 

POTASSIUM CYANIDE METHOD FOR NICKEL 

The method is rapid and accurate and is especially adapted for 
determining nickel in steel. Iron, manganese, chromium, zinc, vana- 
dium, molybdenum and tungsten do not interfere. Copper, however, 
should be removed if present. The method depends upon the selective 
action of potassium cyanide for nickel in preference to silver iodide, 
used as an indicator, the reactions taking place as indicated, the 
solution being slightly alkjiline with ammonia : 

(a) Ni(NH3)fiS()4 + 4KCN = K2Ni(CN)4 + KSO, + dNHa 

(N.B. 4KCN<. Ni) 

{b) Agl + 2KCN - KAg(CN)2 -h KI (N.B. 2KCN o Ag) 

Reagents. — N/10 Silver Nitralc. 10.788 grams of pure silver 
are dissolved in nitric acid and made to 1000 cc. or 16.99 g. of the 
silver nitrate salt. (See Index for reagent.) 1 cc. o 0.01302 g. of KCN. 

If preferred the reagent may be made to be eriuivalent to about 
0.001 gram of Ni per cc. by dissolving 5.85 grams of AgNOa per liter. 

Potasfiium Iodide. — 25 % solution. 

N/lO Potamum Cyanide. — 13.5 grams of pure KC^N are dissolved 
in water, 5 grams of KOH added and the solution made to 1000 cc. 

The cyanide solution is standardized against the silver nitrate 
solution. 

If it is desired to have a solution equivalent to 0.001 g. of Ni, 5 
grams of KCN per liter is the approximate strength required. 

Standardization of the Cyanide. — Fifty cc. of the KCN solution 
are diluted to about 150 cc., 5 cc, of the KI reagent added and the 
solution titrated with the standard AgNOs reagent until a faint per- 
manent opalescence is obtained. A drop of the KCN solution should 
be sufficient to clear this. Note the number of cc. required and cal- 
culate the normality factor of the cyanide in terms of the silver 
nitrate reagent. 

Example. — Suppose 49 cc. of the silver nitrate reagent were re- 
quired for the 50 cc. of the cyanide solution, then the normality 
would be 49 -5- 50 X N/lO or 0.98 N/10. 

1 cc. N/10 solution is equivalent to 0.002934 gram of nickel. 

The reagent may be standardized against a nickel steel of the U.S. 
Bureau of Standards, following the procedure given below and calcu- 
lating as follows: 

, Ctram Ni in standard taken 

Niekel factor * 

(cc KCN requued) — (cc KCN equivalent to 5 cc AgNOs) 

Citric Solution. — 200 grams of (NH4)2S04, 150 cc. of concentrated 
NH4OH and 120 grams of citric acid per 1000 cc. 
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Procedure. — One gram of the steel drillings or such an amount 
of material as contains not over 0.1 g. of Ni, is dissolved in a beaker 
with 20 cc. of hydrochloric acid (1:1). When action censes 10 cc. 
of nitric acid (1 ; 1) are added and the solution boiled until the red 
nitrous acid fumes are driven off. 

About 100 cc. of the citrate solution are added. If 2 per cent or 
more of chromium is present tlie amount of citrate solution is doubled. 
The solution is now diluted to about 250 cc. 

Exactly 5 cc. of the standard silver nitrate solution are now added 
from a pipette or burette, and then ammonium hydroxide, drop by 
drop, until the cloudiness caused by the silver chloride just disappears. 
Two cc. of the potassium iodide solution are now added. 

The solution is titrated with the standard potassium cyanide solu- 
tion with constant stirring until the turbidity just disappears. The 
end-point is reached when there is no longer a distinction in (dearness 
of the drop of the reagent and its surrounding lic^uid to which it is 
added. 

If the end point is passed, a measured amount of silver nitrate 
(5-10 cc.) is added and the cyanide titration repeated. 

Calculation. — Deduct the cc. KGN ecjuivalent of the total silver 
nitrate solution used from the total cc. of the KGN solution required 
in the titration. The remainder is the potassium cyanide required 
by the nickel. 

The cc. of KGN required by Ni multiplied by the factor for Ni 
= gram of nickel in the sample. 


Notes 

1. A large excess of ammonia is to be avoided as the Agl is sol- 
uble in a large excess. 

2. The presence of sulphates increases the sensibility of the end- 
point. 

3. The silver nitrate solution should not be stronger than that 
indicated in the method as there is danger of the iodide of silver 
settling out as a curdy precipitate in stronger solutions. 

4. A white film is apt to form on the surface of the liquid if 
exposed to the air for some time. This produces no error. 
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INDUSTRUL PRODUCTS AND RAW MATERIALS 

Volumetric Determination of Nickel in Alloys 

This method, as described by S. W. Parr and J. M. Lindgren,i 
consists of a modification of the dimethylgly oxime method. The pre- 
cipitation takes place in the usual manner and the precipitate is dis- 
solved in sulphuric acid and the excess titrated with a standard solu- 
tion of potassium hydroxide. 

Procedure. — The alloy is dissolved in nitric or hydrochloric acids 
and if iron, aluminum or chromium are present twice their weight of 
tartaric acid is added to prevent their precipitation. If chromium is 
present ammonium chloride is also added. If manganese or zinc is 
present hydrochloric acid should be used and most of the free acid 
evaporated. Add a few cc. of hydrogen peroxide to oxidize any ferrous 
iron to the ferric state. Dilote o 300 or 400 cc. and neutralize the 
free acid by sodium acetate. Heat the solution to nearly boiling and 
add five times as much dimethylglyoxime, in 1% alcoholic solution, 
as the nickel present. Then completely neutralize with ammonium 
hydroxide, using a very slight excess (or the solution may be neutral- 
ized with sodium acetate). Heat until all the nickel is precipitated. 
Filter and wash. Place the precipitate and filter in a beaker, add an 
excess of 0.05N sulphuric acid, dilute to 200 cc., heat until solution is 
complete and titrate back with O.IN potassium hydroxide solution, 
taking the first faint yellowish tinge as the end-point. The solutions 
are standardized against pure nickel. 

Note. Cobalt should not exceed 0.1 gram per 100 cc. and an excess should 
be used of the dimethylglyoxime. 


Nickel in Nickel-plating Solutions 

In most cases it is quite unnecessary to separate the cobalt from 
the nickel in making this determination and, as the principal impurity 
is usually iron, the best practice is to follow the method given under 
Precipitation of Cobalt by Electrolysis, page 234. 

If chlorides or organic matter are present in the solution the prep- 
aration of the solution for electrolysis is accomplished in the following 
manner ; 

From the well-stirred solution in the plating tank, withdraw about 
200 cc. and place in a small beaker. Prepare a 100 ce. burette by 
thoroughly cleaning it with the sulphuric acid and potassium bichro- 
mate mixture and distilled water. Wash finally with a few cc. of the 
nickel solution and fill the burette with the solution from the plating 
tank; 

^ S. W. Parr and J, M. Lindgren, Trans. Am. Brass Founders’ Assoc.. 5« 
120-9. 
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Run 66.7 cc. into an evaporating dish and add 2 cc. of 1 : 1 sulphuric 
acid. Evaporate to fumes of sulphur trioxide and allow to fume 
strongly for ten minutes. Dissolve in a little water. Dilute to 200 cc. 
carefully, neutralize with a solution of ammonium hydroxide and add 
50 cc. of strong ammonium hydroxide and electrolyze. (See Precipi- 
tation of Cobalt by Electrolysis.) 

The increase in weight of the cathode in grams multiplied by 2 
gives the weight in ounces of nickel in one United States gallon of 
the plating solution. 

The author is indebted to Dr. W. L. Sav3ll for a considerable portion of 
the material appearing in this chapter. 



410 


METALLURGICAL ANALYSIS 


NITROGEN 


Element, Na, at.wt. 14.01; D. (air) 0.9674; m.p. -210°; b.p. -196.6° C.; 
oxides, NaO, NaOa, NaOa, N2O4, N2O... 

Ammonia. NH 3 , m.w. 17.03; D. (air) 0.6971; sp.gr. liquid 0.6234; m.p. 
-77.3°; b.p. -38.6° C. Crit. temp. 130°; liquid at 0° with 4.2 atmospheres 
pressure. Commercial 28',;, NH), sp.gr. 0.90. 

Nitric Acid. HNO 3 , m.w., 63.02; sp.gr. 1.63; m.p. -41.3; b.p. 86 ° C. 
Boiling-point of commercial 96 ' acid is a little above 86 °, but gradually rises 
to 126° and the strength of acid falls to 68.9'^;, sp.gr. is then 1.42. The acid 
now remains constant, the distillate being of the same strength. 


Or’Cm‘.RENCE 

Element. — Free in air to extent of -f by \olume and 76% — 
by weight. 

Air weight of 1 liter = 1.293 grams. With oxygen as 32, air = 28.95 


Composition of Air. On the Basis of 1000 Liters of Atmosphere 


Element 

filters Tii'r 

1000 1 

Weifcht per 

1 000 1 Kranifi 

Per cent 

1 bv \^ol 

Per ermt by 
Wt. 

Nitrogen. . 

780 3 

975.80 

78.1 

75.47 - 

Oxygen ... 

209.9 

299.84 

21 0 

23.19 - 

Argon . ... 

9.4 

16.76 

0.9 

1.296 + 

Carbon dioxide. . 

0.3 

0.59 

0.04 

0 045 

Hydrogen 

0 1 

0.01 



Neon 

0.015 

0.01339 



Helium 

0 (K)15 

0 00027 



Krypton 

0.00005 

0.0001 S 



Xenon 

0.000006 

0 (K)003 




1000 liters of water-saturated air contains 4.9 grams at 0°, 17,2 
grams at 20° and 55 grams of H 2 O at 40° C. Ordinarily 50 to 70% 
of this is present. 

Nitrogen is found combined in nature as potassium nitrate (salt- 
peter), KNO 3 ; sodium nitrate (Chili saltpeter), NaN 03 ,»and to a less 
extent as calcium nitrate, Ca(N 03 ) 2 . It occurs in plants and in 
animals, in the substances proteids, blood, muscle, nerve substance, 
in fossil plants (coal), in guano, ammonia and ammonium salts. 

Free nitrogen is estimated in the complete analysis of gas mixtures. 
In illuminating gas the other constituents are removed by combustion 
and absorption and the residual gas measured as nitrogen. 
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Total nitrogen in organic substances is best determined by decom- 
position of the materials with sulphuric acid as described later, and 
estimating the nitrogen from the ammonia formed. 

Combined nitrogen in the form of ammonia and nitric acid specially 
concerns the analyst. In the evaluation of fertilizers, feedstuffs, hay, 
fodders, grain, etc., the nitrogen is estimated after conversion to 
ammonia. Ammonia, nitrates and nitrites may be required in an 
analysis of sewages, water, and soils. Nitric acid is determined in 
Chili saltpeter, in the evaluation of this material for the manufacture 
of nitric acid or a fertilizer, the nitrate being reduced to ammonia 
and thus estimated. 

We will take up a few of the characUTistic svibst.nn(!es in which nitrogen 
estimations are niquired. 

In general nitrogen is more accurately and easily measured as ammonia, to 
which form it is converted by reduction methods. Large amounts arc determined 
by titration, whereas small amounts are estimated colonmetrically. The 
nitrometer method for determining nitrate's (including nitrites), and the free 
acid in mixed acids, is generally used by manufacturers of explosives. 

DETECTION 

Element. Organic Nitrogen. — Organic matter is decomposed by 
heating in a Kjeldahl flask with concentrated sulphuric acid as de- 
scribed under Preparation and Solution of the Sample. Ammonia may 
now be liberated from the sulphate and so detected. 

Nitrogen in Gas. — Recognized by its inertness towards the 
reagents used in gas analysis. The element may be recognized by 
means of the spectroscope. 

Ammonia. — Free ammonia is readily recognized by its charac- 
teristic odor. A glass rod dipped in hydrochloric acid and held in 
fumes of ammonia produces a wliite cloud of ammonium chloride, 
NH4CI. 

Moisit red litmus 'payer is turned blue by ammonia. Upon heating 
the paper the red color is restored, upon volatilization of ammonia 
(distinction from fixed alkalies). 

Nessler's Test. — Nessler's reagent added to a solution containing 
ammonia, combined or free, produces a brown precipitate, NHg 2 l.H 20 . 
If the ammoniacal solution is sufficiently dilute a yellow or reddish- 
brown color is produced, according to the amount of ammonia present. 
The reaction is used in determining ammonia in water. 

Salts of ammonia are decomposed by heating their solutions with 
a strong base such as the hydroxides of the fixed alkalies or the 
alkaline earths. The odor of ammonia may now be detected. 

Nitric Acid. Ferrous Sulphate Test. — About 1 to 2 cc. of the 
concentrated solution of the substance is added to 15 to 20 cc. of 
strong sulphuric acid in a test-tube. After cooling the mixture, the 
test-tube is inclined and an equal volume of a saturated solution of 
ferrous sulphate is allowed to flow sloyv^ly down over the surface of 
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the acid. The tube is now held upright and gently tapped. In the 
presence of nitric acid a brown ring forms at the junction of the two 
solutions. 

The test for nitrate may be made according to the quantitative 
procedure given for determining nitric acid. It should be remem- 
bered that ferrous sulphate should be present in excess, otherwise 
the brown color is destroyed by the free nitric acid. Traces of nitric 
acid in sulphuric produce a pink color with the sulphuric acid solution 
of ferrous sulphate. 

Ferro and ferricyanidcs, chlorate.s, bromides and brornates, iodides 
and iodates, chromates and permanganates interfere. 

Diphenylamine Tests for Nitrates. — (CeH 6 ) 2 NH dissolved in sul- 
phuric acid is added to 2 or 3 cc. of the substance in solution on a 
watch-glass. Upon gently warming a blue color is produced in pres- 
ence of nitrates. Nitric acid in sulphuric acid is detected by placing 
a crystal of diphenylamine in 3 or 4 cc. of the acid and gently warm- 
ing. or, CU, Br'^, r, Mn^'S Cr^', Se'^ Fe'" interfere. 

Copper placed in a solution containing nitric acid liberates brown 
fumes. 

Detection of Nitrous Acid. — Acetic Acid Test. — Acetic acid added 
to a nitrite in a test-tube (inclined as directed in the nitric acid test 
with ferrous sulphate), produces a brown ring. Nitrates do not give 
this. If potassium iodide is present in the solution, free iodine is 
libenited. The free iodine is absorbed by chloroform, carbon tetra- 
chloride or disulphide, these reagents being colored pink. Starch 
solution is colored blue. 

Nitrous acid reduces iodic acid to iodine. The iodine is then de- 
tected with starch, or by carbon disulphide, or carbon tetrachloride. 

Potassium Permanganate Test. — A solution of the reagent acidi- 
fied with sulphuric acid is decolorized by nitrous acid or nitrite. The 
test serves to detect nitrous acid in nitric acid. Other reducing sub- 
stances must be absent. 

Detection of a Nitrate in a Nitrite Salt 

Iridium salts arc colored blue by UNO, but no color is produced by HNOa. 
Use a 0.^5 % solution of IrO^ or {NBAi IrCle per 100 oc. of 98-99 % H2SO4 and 
heat to boiling. The solution should be kept in a stoppered bottle. Into the 
hot reagent in a test tul>e is dropped the solid substance tested. A blue color 
IS produced by nitrates. If the nitrite is in solution, make alkaline with KOH, 
evaporate to dryness and test the residue. Chlorine interferes, but not FeCh. 
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PROCEDURES FOR THE DETERMINATION OF 
COMBINED NITROGEN 

Ammonia 

The volumetric procedures for determination of ammonia are 
preferred to the gravimetric on account of their accuracy and general 
applicability. The following gravimetric method may occasionally 
be of ’ use : 

Gravimetric Determination of Ammonia by Precipitation 
as Ammonium Platinochloride, (NH4)2PtCle 

Ammonia in ammonium chloride may be determined gravimetri- 
cally by precipitation with chlorplatinic acid. The method is the 
reciprocal of the one for determining platinum. 

Procedure. — The aqueous solution of the ammonium salt is 
treated with an excess of chlorplatinic acid and evaporated on the 
steam bath to dryness. The residue is taken up with absolute alcohol, 
filtered through a weighed Gooch crucible, and washed with alcohol. 
The residue may now be dried at 130® C. and weighed as (NH 4 ) 2 PtCl 8 , 
or it may be gently ignited in the covered crucible until ammonium 
chloride has been largely expelled and then more sti'ongly with free 
access of air. The residue of metallic platinum is weighed. If the 
ignition method is to be followed, the ammonium platinic chloride 
may be filtered into a small filter, the paper with the washed precipi- 
tate placed in a porcelain crucible and then gently heated until the 
paper is charred (crucible being covered) and then more strongly with 
free access of air until the carbon has been destroyed. 

Factors. (NH 4 ) 2 ptCl 6 X 0.2400 = NH4CI, or X 0.08095 = NH4, or 
X 0.0767 = NH3. Pt X 0.5453 = NH4CI, or X 0.1839 * NH4, or 
X 0.1736 * NH3. 



414 


METALLURGICAL ANALYSIS 


NITRIC ACID. NITRATES 

The alkalimetric method for determining free nitric acid is given in 
the chapter on Acids. Special procedures for determining the com- 
bined acid are herein given. 

Gravimetric Method for Determining Nitric Acid by ^ 

Precipitation as Nitron Nitrate, C20H16N4.HNO3 

As in case of ammonia the volumetric methods are generally pref- 
erable for determining nitric acid, combined or free. Isolation of 
nitric acid by precipitation as nitron nitrate may occasionally be 
used. The fairly insoluble, crystalline compound, C20H16N4.HNO8 
is formed by addition of the base diphenyl-endoanilo-hydro-triazole 
(nitron) to the solution containing the nitrate. 

Such an amount of the subst uicc is taken as will contain about 
0.1 gram of nitric acid, aiul dissolved in about 100 cc. of w'ater with 
addition of 10 drops of dilute sulphuric acid. The solution is heated 
nearly to boiling and about 12 cc. of nitron acetate solution added 
(10 grams of nitron in JOO cc. of 5% acetic acid. The solution is 
cooled and placed in an ice pack for about two hours, and the com- 
pound then transferred to a Gooch or Munroe crucible (weighed 
crucible if gravimetric method is to be followed), and after draining, 
it is w’ashed with about 10 to 12 cc. of ice-water added in small 
portions. 

The precipitate washed with ice-water is dried to constant weight 
at 110° C. 16.53% of the compound is NO3. 

Notes. The base diphcnyl-endo-anilo-hydro-triazole (nitron) also pre- 
cipitates the following acids: nitrous, chromic, chloric, f>erchloric, hydrobromic, 
hydriodic, hydroferro- and hydrofcmcyanic, oxalic, picric and thiocyanic acids. 
Hence these must be absent from the solution if precipitation of nitric acid is 
desired for quantitative estimation. 

Removal of Nitrous Acid. — Finely powdered hydrazine sulphate 
is dropped into the concentrated solution. (0.2 gram of substance per 
5 or 6 cc.) 

Chromic acid is reduced by addition of hydrazine sulphate. 

Hydrobromic acid is decompovsed by chlorine water added drop by 
drop to the neutral solution, which is then boiled until the yellow 
color has disappeared. 

Hydriodic acid is removed by adding an excess of potassium iodate 
to the neutral solution and boiling until the iodine is expelled. 

Solubility of less soluble nitron salts in 100 cc. of water. Nitron 
nitrate =* 0.0099 gram, nitron bromide = 0.61 gram, iodide = 0.017 
gram, nitrite « 0.19 gram, chromate = 0.06 gram, chlorate - 0.12 
gram, perchlorate * 0.008 gram, thiocyanate = 0.04 gram. 



METALLURGICAL ANALYSIS 


415 


DETERMINATION OF NITRIC NITROGEN IN SOIL 
EXTRACTS 

Vamari-Mitscherlich-Devarda Method 

Procedure. — Forty cc. of water, a small pinch of magnesia and 
one of magnesium sulphate are added to flask D of the Mitscherlich 
apparatus (Fig. 90). Twenty-five cc. of standard acid and 60 cc. of 
neutral redistilled water are placed in flask F; 250 or 300 cc. of 
aqueous soil extract are placed in a 500 cc. Kjeldahl flask, 2 cc. of 
60% sodium hydroxide added, the mouth of the flask closed with 
a small funnel to prevent spattering, and the contents of the flask 


B 



Hopkins 

Tube 


Heavy Wa Ileal 
Quartz Tube 
4,5mm. /. D, 



Fig. 90, Mitscherlich's Apparatus for Nitrogen Determination. 


boiled for thirty minutes. The water which has boiled off is replaced, 
and, after cooling, 1 gram of Devarda’s alloy (60 mesh), and a small 
.piece of paraffin are added and the flask connected with the apparatus ; 
reduction and distillation are carried on for forty minutes. The 
receiver contents are then cooled, 4 drops of 0.02% solution of methyl 
red added, the excess acid nearly neutralized, the liquid boiled to expel 
CO 2 , cooled to 10® to 15° and the titratidn completed. 
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B. S. Davisson^ recommends an improved form of scrubber, shown in 
Fig. 91, to be used in place of the Hopkins tube (Fig. 90). The bulb and 
adaptor are made of Pyrex glass iStcam condenses in the bulb and the 
condensate acts as a scrubber, preventing alkali mist from being carried over 



with the ammonia. During the test ammonia is completely volatilized 
into the absorption flask. The bulb of the adaptor prevents back suction 
into the distillation flask. 

‘ Reference B. S. Davisson, Ohio, Ag. Exp. Station, J. Ind. Eng. Chem., 
11, 465 (May, 1919). 
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DETERMINATION OF NITROGEN OF NITRATES (AND 
NITRITES) BY MEANS OF THE NITROMETER 

The nitrometer is an exceedingly useful instrument employed in 
the accurate measurement of gases liberated in a great many reactions 
and has therefore a number of practical applications. It may be used 
in the determination of carbon dioxide in carbonates; the available 
oxygen in hydrogen dioxide; in the valuation of 
nitrous ether and nitrites; in the valuation of 
nitrates and nitric acid in mixed acids. 

The method for the determination of nitrogen 
in nitrates, with which we are concerned in this 
chapter, depends on the reaction between sulphuric 
acid and nitrates in presence of mercury: 

2 KNO 3 + 4H2SO4 + 3Hg = K2SO4 

+ 3HgS04 + 4 H 2 O + 2NO. 

The simplest type of apparatus is shown in the 
illustration, Fig. 92. The graduated decomposition 
tube has a capacity of 100 cc. It is connected at 
the base by means of a heavy- walled rubber tubing 
with an ungraduated leveling tube (6). At the 
upper portion of (a) and separated from it by a 
glass stop-cock («) is a bulb (c) of about 5 cc. 
capacity; a second stop-cock enables completely 
enclosing the sample, as may be necessary in vola- 
tile compounds. The glass stop-cock (s), directly 
above the graduated chamber, is perforated so as to 
establish coimcction with the tube (d) when desired 
and the graduated cylinder (a). 

Procedure. — The tube (h) is filled with mercury 
and the air in (a) now displaced by mercury, by 
turning the stop-cock to form an open passage be- 
tween (a) and (d) and then raising (b). A sample 
of not over 0.35 gram of potassium nitrate or a cor- 
responding amount of other nitrates, is introduced 
into (c), the material being washed in with the 
least amount of water necessary (1 to 2 cc.). By 
lowering (b) and opening the stop-cock s the solu- 
tion is drawn ir/to the decomposition chamber, taking Fig. 92. Nitrom- 
care that no air enters. This is followed by about cter. 

15 cc. of pure, strong sulphuric acid through si and s, 

‘avoiding admitting air as before. NO gas is liberated by the heat 
of reaction between the sulphuric acid and the water .solution. When 
the reaction subsides, the tube (a) is shaken to mix the mercury with 
the liquor and the NO completely liberated. The gas is allowed to 
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cool to room temperature and then measured, after raising or lower- 
ing (b) so that the column of mercury is the calculated excess of height 
above that in (a) in order to have the gas under atmospheric pressure. 
The excess of height is obtained by dividing the length of the acid 
layer in (a), in millimeters, by 7 and elevating the level of the mer- 
cury in {!)) above that in (a) by this quotient; i.e., if the acid lay^r 
= 21 mm. the mercury in (b) would be 3 mm. above that in (a), fie 
volume of gas is reduced to standard conditions by using the formula 

np-w) \ 

760(1 + 0.003670 

F' = volume under standard conditions; F = observed volume; 
P = observed barometric pressure in mm. ; w = tension of aqueous 
vapor at the observed temperature, expressed in millimeters; t = ob- 
served temperature. 

One cc. gas = 4,62 milligrams of KNO 3 , or 3.8 milligrams of NaNOa 
or 2.816 milligrams of HNO 3 . 
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DETERMINATION OF NITRITES 

GRAVIMETRIC METHOD OF BUOVOLD * 

One and one fourth to 1.5 gram of AgBrOa is dissolved in 100 cc. 
of water and 110 cc. of 2 N. acetic acid, in an Erlenmeyer flask. 
200 cc. of the nitrite solution (1 g. NaNOi) arc added from a burette, 
stirring the mixture during addition of the nitrite. A pale green 
precipitate is obtained. 30 cc. of H2SO4 (1: 4) are added, the mixture 
warmed to 85®C. When the yellow precipitate settles it is filtered on 
a Gooch and washed with hot water, then dried and weighed as 
AgBr + AgCl. Chlorine is determined on a separate portion and 
AgCl deducted. AgBr X 0.9070 = NaNOs. The method is specially 
applicable to nitrites high in chlorine. 

VOLUMETRIC PERMANGANATE METHOD 

Principle. — Potassium permanganate reacts with nitrous acid 
or a nitrite as follows. 

SNaOs + 4KMn04 + 6H2SO4 = 5N2O6 + 2K2SO4 -f 4MnS04 + 6H2O. 

5HNO2 + 2KMn04 + 3H2SO4 5 HNOa + K2SO4 + 2 MnS 04 + 3H2O. 

Since 2KMn04 in acid solution has five available oxygens for oxida- 
tion of substances (i.e., 2KMn04 = K20.2Mn0 -f 50 equivalent to 
lOH) the molecular weights of the constituents divided by 20 in the 
first equation and by 10 in the second would represent the normal 
weights per liter, c.g., 5N2O3 divided by 20 = 76 divided by 4 = 19 
grams N2O3 per liter. 4KMn04 divided by 20 or 2KMn04 divided 
by 10 = 158.03 divided by 5 * 31.61 grams of KMn04 per liter for 
a normal solution. In the second equation if Na represents the univa- 
lent element we would have 5NaN02 divided by 10 or 69 divided by 
2 = 34.5 grams per liter. Hence 1 cc. of a normal KMn04 solution 
would oxidize 0.019 gram N2O3 or 0.0345 gram of NaN02 to form 
N2O6 and NaNOs respectively. 

Organic matter is also oxidized by KMn04 hence will interfere if 
present. 


Special Reagents 

N/6 Sodium Oxalate. — Na2C204 reacts with KMn04 as follows: 

5Na2C204 + 2KMn04 + 8H2SO4 - K2SO4 + 2MnS04 
-|- 5Na2S04 -j- IOCO2 "1" 8H2O 

• Hence 5Na2C204 divided by 10 or 134 divided by 2 « 67 grams 
per liter = a normal sodium oxalate solution. A N/5 solution requires 
13.4 grams Na2C204 per liter. 

» Chem. Ztg. 38, 28, C. A. 1250 (1914). 
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N/5 Potassium Permanganate. - The solution contains 6.322 grams 
KMn 04 per liter. 

Preparation of the Sample. Soluble Nitrites. — Ten grams of the 
nitrite are dissolved in water and made to 1000 cc.; 10 cc. contain 
0.1 gram of the sample. 

Water-insoluble Nitrites. — 0.5 to 1.0 gram of the nitrite accord- 
ing to the amount of nitrous acid present is taken for analysis. An 
excess of KM 11 O 4 solution is added, followed by dilute H 2 SO 4 and thfe 
excess standard permanganate titrated with sodium oxalate according 
to directions given under Procedure. \ 

Nitrous Acid in Nitric Acids and Mixed Acids. — This is present 
generally in very small amounts so that a large sample is taken. The 
amount and details of the procedures are given under the special subject. 

For routine work where a number of daily determinations are 
made, a 50 cc. burette is generally preferred. 

Trial Run. — If the approximate strength of the salt is not known 
the following test may be quickly made to ascertain whether more 
than 50 cc. of solution is necessary and the approximate amount of 
KMn 04 required for oxidation. 

Ten cc. of the solution together with 100 cc. of water are placed 
in a 4 in. casserole and about 10 cc. of dilute H 2 SO 4 , 1:1, added. 
Standard KMn 04 from a 50 cc. burette is now run into the sample 
until a permanent pink color is obtained. The cc. of KMn 04 mul- 
tiplied by 5 = the approximate amount of permanganate solution 
required for oxidation of 50 cc. of sample. An excess of 5 to 10 cc. 
should be taken in the regular run. 

Titration of Nitrite. — Sufficient standard N/5 KMn 04 to oxidize 
the sample to be titrated (as ascertained by the trial run) and 10 cc. 
excess are placed in a casserole. The solution is acidified with 10 cc. 
of dilute (1:4) H 2 SO 4 and 50 cc. of the nitrite solution is added slowly 
with constant stirring. The sample is placed on a hot plate until the 
mixture reaches a temperature of 70^^ to 80° C. and 25 cc. more of the 
dilute H 28 O 4 added. The excess permanganate is now titrated with 
N/5 Na 2 C 204 , the oxalate being added slowly until the permanganate 
color is destroyed. Five cc. excess of the oxalate are added and the 
exact excess determined by titrating the hot solution with N/5 KMn 04 
to a faint pink color. The total permanganate solution taken minus 
the oxalate titration * cc. KMn 04 required by the nitrite. 

Standard ferrous sulphate, FeS 04 , may be used, in place of sodium 
oxalate. The titration then may be conducted in the cold. 

One cc. of N/5 KMn 04 = 0.0038 g. of NaOa, or 0.0069 g. of 
NaN 02 , or 0.0085 g. of KNO 2 . 
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OSMIUM i 

Element, Osmium. Os. at.wt. 190.9; sp.gr. 22.4; m.p. 2700*^ C.? 
oxides, OsO, OS 2 O 3 , OSO 2 , 5 s 04 . 

Osmium is estimated mainly in osmiridium and platinum residues. 

DETECTION 

Osmium occurs with platinum ores as a natural alloy with iridium 
(Osmiridium), and remains undissolved in the form of hard, white 
metallic-looking grains when the ores are treated with aqua regia. 
The chlorides, OsCU and OsCL, combine with the alkali chlorides. 
Through the action of HNO3, aqua regia or heating in a stream of 
moist chlorine, osmic tetroxide is formed. Osmium is very volatile 
and the fumes are poisonous. It is detected readily by the odor 
when heated, as the fumes are highly corrosive and disagreeable like 
chlorine. Chlorine passed over hot osmium mixed with KCl gives 
K2OSCI6, which dissolves in cold water. 

The oxy-hydrogen flame volatilizes the metal but does not melt it. 
When strongly heated in contact with air, the finely divided osmium 
burns and is converted into OSO4 commonly called osmic acid. 

Osmium monoxide, OsO, is obtained when the corresponding sul- 
phite mixed with sodium carbonate is ignited in a current of carbon 
dioxide. It is a grayish-black powder insoluble in acid. 

The oxide, OS2O3, is a black insoluble powder obtained by heating 
its salts with sodium carbonate in a current of carbon dioxide. 

Osmium dioxide, OSO2, is obtained from its salts in a similar way 
to the foregoing oxides. It is likewise formed when its hydroxide is 
heated in a current of carbon dioxide. 

Osmium tetroxide, OSO4. Very finely-divided metallic osmium 
oxidizes slowly at the ordinary temperature, and at about 400 ° takes 
fire with formation of OSO4. The denser the metal the higher is the 
temperature needed for oxidation.' 

Hydrogen sulphide precipitates dark brown osmium sulphide, O8S2, 
but only in the presence of strong mineral acid; from an aqueous 
solution of osmic acid there forms a dark brownish-black sulphide 
O8S4. These are insoluble in ammonium sulphide. 

Potassium hydroxide precipitates reddish-brown osmium hydroxide, 
Os (OH) 4. 

Ammonium hydroxide precipitates the osmium hydroxide. 

Zinc and formic acid precipitate black metallic osmium. 

Hydrogen reduces osmium compounds to the metal. 

' For occurrence see*PiutinuuL. 
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Potassium nitrate added to a solution of osmic acid reduces it to 
/)Smous acid which unites with an alkali forrniiifi; a beautiful red salt. 

Sodium sulphite yields a deep violet coloration and a dark blue 
osmium sulphite separates out gradually. 

Phosphorus reduces osmium from an aciueous solution. 

Mercury precipitates osmium from an aqueous solution of osmic 
acid mixed with HCl. 

Stannous chloride produces a brown precipitate, soluble in HCl to 
a brown fluid. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION 1 , 
OF OSMIUM 1 

The osmium is very difficult to ascertain on account of the element 
being very volatile. 

After the platinum is extracted the residue or osmiridium is mixed 
with two or three times its weight of common table salt. The mixture 
is put in a porcelain or silica tube and heated to a dull-red heat; 
moist chlorine is then passed through the tube and thence through 
receivers containing KOH and to catch the Os and Ru 

that pass over. The mass is cooled and dissolved with water. After 
several treatments the entire group of platinum metals will be in 
solution. 

The osmium material may also be fused with KOH and KNOa 
and the melt dissolved in water. The osmium will be in solution as 
potassium osmate, K2OSO4, while the iridium remains as residue. 

The potassium osmate, K2OSO4, solution is put in a small retort, 
and boiled with HNO3, the OSO4, is conducted into receivers contain- 
ing NaOH solution and CiHsOH. After acidifying with a little HCl 
the osmium can be precipitated with Na2S203 as a brown precipitate 
of OSO4 which is filtered, washed, dried and weighed as the oxide, or 
reduced in hydrogen and weighed as the metal. The osmate solution 
from the receivers above is heated gently and strips of aluminum are 
plunged in; the osmium will be deposited in metallic form, while 
the aluminum dissolves in the soda. C'are must be taken not to add 
too much aluminum, as an aluminate might be precipitated which is 
troublesome. When the solution is discolored the dense precipitated 
osmium is washed by decantation with water to remove the sodium 
aluminate, and then with 5 % H2SO4 solution to remove the excess 
aluminum. The osmium is dried in a bell-jar filled with hydrogen, 
then heated to a dull redness and cooled in a current of hydrogen. 
The osmium is weighed as the metal. As a check the osmium may 
be driven off in the form of OSO4 by heating to redness with plenty 
of air, or better, in a current of oxygen and weighing again.^ 

The osmate solution from the condensing receivers or from the 
fusion of KOH and KNO^ containing the ruthenium and osmium is 
placed in a retort and HCl is added. A slow current of air or oxygen 
is passed through the retort and thence through receivers containing 
KOH and alcohol similar to the ones mentioned above. These re- 
ceivers are kept as cold as possible. The osmium is distilled over as 
OSO4 while the ruthenium remains in the retort. Combine the solu- 
tions in the receivers and proceed to determine the osmium as de- 
scribed above. 

‘ Chapter contributed by Mr. E. E: Hicksman, chief chemist of J. Bishop 
A Co. Platinum Works. , 

• “Select Methods of Chemical Analysis,” Sir Wm. Crookes. 



424 


METALLURGICAL ANALYSIS 


The potassium or sodium osmate solution from the receivers above 
or where osmium tetroxide is dissolved in potassium hydroxide solu' 
tion and alcohol is heated at 40 or 50° to form [)otassium osmate. 
A slight excess of dilute sulphuric acid is added and then 10 cc. more 
of alcohol in order to prevent rcoxidation. After ten or twelve hours, 
a bluish-black deposit settles, while the supernatant liquid is colorless 
and free from osmium. The precipitate is filtered, washed with 
aqueous alcohol, and converted into metallic osmium by reduction 
in a current of hydrogen.^ ' 

’ “Journal London Chemical Society Abstracts,’ 1907, by Carl Paal and\ 
Conrad Amberger. 
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OXYGEN 

Properties, — at.wt. 16; colorlesF, odorless, tasteless gas; b.p. 
-182° C. (liquid sp.gr. 1.12); 1 liter weighs 1.429 g., 1 liter of air 
weighs 1.293 g., hence oxygen weighs l.lOo times air. Oxygen com- 
bines with all the elements with the exception of fluorine and the 
elements of the argon group. 

OCCURRENCE 

The element occurs free in air (21 percent by volume of air). 
It is found combined forming oxides; combined with hydrogen it 
forms water; it occurs in form of oxide with a great many minerals. 
It is estimated that half our globe is made up of oxygen. 

DETERMINATION OF OXYGEN IN STEEL 


The properties of steel are affected by the presence of oxygen so that 
its determination is being recognized as an essential one in the analy- 
sis of this product. It occurs in steel as occluded oxygen and as 



Hmge Type Glass Wool 


Fig. 93. — Apparatus for Determining Oxygen in Steel. 

combined oxygen i.e. oxides of iron, aluminum, manganese, silicon, 
titanium, etc. ‘The following method determines the occluded oxygen 
and the oxygen combined with iron, but does not determine that 
combined with manganese, aluminum and silicon, as these oxides are 
not reduced by hydrogen. 

The method depends upon the combination of hydrogen with 
the oxygen of iron when the latter is heated in a current of hydrogen; 
the water formed is absorbed and weighed and the oxygen calculated. 
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The apparatus shown in Fig. 93 gives full details. It is shown 
that hydrogen generated by the action of HCl on zinc is purified by 
passing through the wash bottles B, C, D, containing KOH and 
H 2 SO 4 , oxygen in the gas is removed by passing through a preheated 
tube containing platinum gauze or palladiumized asbestos, the water 
formed being absorbed in the P 2 OB in G. The pure hydrogen npw 
combines with the oxygen of the sample and the water formed \ is 
absorbed in P20fi in the tube ,7. 

Procedure. Preliminary, — The apparatus is connected up 
shown in Fig. 93 and hydrogen gas passed through for 5 to 10 minuteA 
The P 2 O 6 tube is now weighed as in regular test (see notes), the tube 
being disconnected from K, which is used as a guard to prevent 
moisture being absorbed by an accidental back suction of air. 

The sample of 20 to 30 grams of the steel borings are placed in 
a nickel boat (J"' X X fi") and this inserted quickly through the 
opening at “ a ” into the combustion tube, the current of hydrogen 
flowing through the tube. '1 he absorption tube .7 and its guard are 
connected up and the heat turned on. (All conne(;tions should be air 
tight.) The temperature of bright-red heat (850° C.) is desired. The 
hydrogen is passed at a rate of about 100 cc. per minute, the rate 
having been previously established by the speed of bubbles in D, 
After 30 minutes the heat is turned off, the top of the hinged furnace 
lifted, and the tube raised and allowed to cool, hydrogen gas still 
passing. A blast of air assists the cooling. 

The cocks “ c ” and “ d ” of / are turned off in the order named, 
the exit end of the guard K closed and the two connected placed 
in the balance for about 10 minutes. The exit end of the guard is 
now opened, the cock “ d ” quickly opened and shut, thus obtaining 
atmospheric pressure in the tube J without intake of air. The guard 
is now disconnected and J is weighed. The increase of weight due 
to absorbed water is multiplied by 0.889 to obtain the weight of 
occluded oxygen and the oxygen combined with iron. 

Notes. The tube J is weighed before and after the test fiUed with hydro- 
gen under atmospheric pre.saure and at the same temperature, so that it is not 
necessary to aspirate air through the tube as is sometimes recommendcid. The 
preliminary run for obtaining the initial weight should be conducted under 
conditions the same as in the final test, the tubes J and K being closed, trans- 
ferred to the balance and J finally weighed as stated at the end of the procedure, 
so that the conditions will be the same in regard to the inclosed hydrogen or 
the tube. 

The P 2 O 6 tubes are charged by packing alternate layers of PaOe and glass 
wool, beginning and ending with the latter, otherwise the powder will pack and 
prevent the passage of gas. 

The drilling of the samples should be done slowly to prevent heating, the 
drills being free of grease or oil. The samples should be taken from several 
sections of the ingot, whose surface has been cleaned by a cutting tool or by 
emery. 

The apparatus should be tested for leaks as described in the notes in the 
chapter on Hydrogen. • 
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DETERMINATION OF FREE OXYGEN IN GAS 

(1) By Phosphorus. — 100 cc. of gas are measured out as with 
the Orsat apparatus, the burette being allowed to drain two minutes. 
The rubber connectors upon the burette and pipette are filled with 
water, the capillary tube inserted, as far as it will go, by a twisting 
motion, into the connector upon the burette, thus filling the capillary 
with water; the free end of the capillary is inserted into the pipette 





Fig. 94 


connector, the latter pinched so as to form a channel for the water 
contained in it to escape, and the capillary twisted and forced down 
to the pinchcock. There should be as little free space as possible 
between the capillaries and the pinchcock. Before using a pipette, 
its connector (and rubber bag) should be carefully examined for leaks, 
especially in the former, and if any found the faulty piece replaced. 

The pinchcock on the burette and pipette are now opened, the gas 
forced over into the phosphorus, *and the pinchcock on the pipette 
closed; action immediately ensues, shown by the white fumes; after 
allowing it to stand fifteen minutes the residue is drawn back into 
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the burette, the latter allowed to drain and the reading taken. The 
absorption goes on best at 20° C., not at all below 15° C.; it is very 
much retarded by small amounts of ethane and ammonia. It cannot 
be used to absorb commercial oxygen. No cognizance need be taken 
of the fog of oxides of phosphorus. 

( 2 ) By Pyrogallate of Potassium.^ — 100 cc. of gas^ are measured 
out as before, the carbon dioxide absorbed with potassium hydiiate 
and the oxygen with potassium pyrogallatc, as with Orsat apparatus; 
before setting aside the pyrogallate pipette, the number of cupic 
centimeters of oxygen absorbed should be noted upon the slate \s 
on the stand. This must never be omitted with any pipette sav^ 

possibly that for potassium 
hydroxide, as failure to do 
this may result in the ruin 
of an important analysis. 
The reason for the omis- 
sion in this case is found 
in the large absorption 
capacity — four to five 
liters of carbon dioxide — 
of the reagent. 

(3) By Explosion with 
Hydrogen. — Forty-three 
cc. of gas and 57 cc. of 
hydrogen are measured 
out, passed into the small 
explosion pipette, the ca- 
pillary of the pipette filled 
with water, the pinchcocks 
and glass stopcock all 
closed, a heavy glass or 
fine wire gauze screen 
placed between the pi- 
Fig. 95 Explo.sion Pi{jette pette and the operator, 

the spark passed between 
the spark wires, and the contraction in volume noted. The screen 
should never he omitted^ as serious accidents may occur thereby. The 
oxygen is represented by one-third of the contraction. For very ac- 
curate work the sum of the combustible gases should be but one-sixth 
that of the non-combu.stible gases, otherwi.se some nitrojgen will burn 
and high results will be obtained that is, (H + 0) : (N + H) :: 1 : 6. 

' See Anderson’s work, J. Ind. and Chem., 7, 587, 1915. 

* A. H. Gill finds after an experience of more than twenty-five years in the 
laboratory with hundreds of students, that sodi um pyrogallate can lie used with 
practically the same results as the potassium compound. The absorption is 
complete, as shown by subsequent treatment with cuprous chloride. 

* This is shown in the work of <5111 and Hunt, J. Am. Chem. Soc., 17, 987, 
1895. 
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PALLADIUM » 

Element, Palladium. Pd. at.wt. 106.7; sp.gr. 11.9; m.p. 1649° C.; 
oxides, PdO, Pd02. 

Palladium is determined in alloys, ores, jeweler sweepings, etc. 

DETECTION 

This metal is also found associated with platinum and iridium as 
well as ruthenium, rhodium, and osmium. It occurs in the metallic 
state sometimes with gold and silver. It resembles platinum as to 
lustre and color. Palladium sponge when heated slightly gives a rain- 
bow effect due to the formation of oxides. Hydrogen passed over the 
sponge restores it to the original color. It dissolves in HNO3 and 
boiling H2SO4. HCl has little action upon it. It is readily soluble 
in aqua regia, forming PdCU. PdCU is unstable. 

Palladium monoxide, PdO, is formed by a long-continued heating 
of the spongy metal in a current of oxygen at a temperature from 700 
to 840® C or by heating a mixture of a palladium salt with potassium 
carbonate. The pure liydrated oxide is best prepared by the hydrol- 
ysis of the nitrate. 

It acts as a powerful oxidizing agent to organic substances, and is 
reduced to metal by hydrogen peroxide. 

Palladium dioxide, Pd02, is obtained in an impure hydrated form 
as a brown precipitate by the addition of caustic soda to potassium 
palladichloride. This is soluble in acids, but becomes less soluble 
when preserved. It can be obtained free from alkali and basic salts 
by the anodic oxidation of the nitrate, but it is not quite free from 
monoxide. The dioxide very readily decomposes into the monoxide 
and oxygen, and cannot be obtained in the anhydrous state. It 
acts as a vigorous oxidizing agent and decomposes hydrogen peroxide. 

Alkalies precipitate in a concentrated solution a dark-brown pre- 
cipitate soluble in an excess of the reagent. If boiled a brown pallad- 
ous hydroxide is precipitated. The anhydrous oxide is black. 

Ammonia added to a concentrated solution gives a flesh-red pre- 
cipitate, PdCL.NH.!, soluble in excess of ammonia. If HCl is added 
to this solutipn the yellow compound of pallad-ammonium chloride, 
Pd(NH 3 Cl) 2 , is deposited. 

Sulphnr dioxide precipitates the metal from the nitrate or sulphate 
solution but not from the chloride. 

Cuprous chloride precipitates the metal from the sulphate, nitrate 
and chloride solution when they are not too strongly acid. 

^ For occurrence see*Platinum« 
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Mercuric cyanide precipitates a yellowish-white gelatinous pre- 
cipitate, Pd(CN)2, insoluble in dilute acids, but dissolving in ammonia 
and in potassium cyanide to K2Pd(CN)4. 

Potassium iodide precipitates black palladous iodide, Pdl2, in- 
soluble in water, alcohol, and ether, but soluble in an excess of reagent. 

Hydrogen sulphide precipitates black palladous sulphide, PdS, 
soluble in HCl and aqua regia, but insoluble in (NH4)2S. 

Potassium nitrite precipitates a yellow crystalline powder, 

K2Pd(N()2)4. 

Ferrous sulphate slowly produces a black precipitate of metallJc 
palladium from the nitrate. ' 

Ammonium chloride precipitates palladium as (NH4)2PdCl4 from' 
the nitrate* 

Formic acid, zinc and iron reduce to metallic palladium. 

Soluble carbonates precipitate brown palladous hydroxide, 
Pd (OH) 2, soluble in excess, and re precipitated on boiling. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION 
OF PALLADIUM 

Preparation and Solution of the Sample 

The solubility of palladium has been taken up under Detection. 
Palladium when alloyed with platinum, or an alloy of platinum, 
iridium and palladium, dissolves with the other metals in aqua regia 
as the chloride. When palladium is alloyed with silver the palladium 
and silver are dissolved in HNO3, from which the silver can be sepa- 
rated. 

Separation of Palladium from Platinum and Iridium. — The chlo- 
rides of palladium, platinum and iridium in solution must be free from 
HNO3. The platinum and the iridium are precipitated with NH4CI 
leaving the palladium in solution. The precipitate is put on a filter 
and washed free from Pd with NH4CI solution and alcohol. 

Separatio-n of Palladium from Silver and Gold. — At least three 
times the weight of the gold in silver should be present in the alloy 
in order to separate the silver and palladium from the gold. The 
silver and the palladium will dissolve in HNO3, leaving the gold as 
the residue. This is filtered off and the silver may be precipitated 
with HCl. The silver chloride is filtered off and washed with hot 
water acidulated with HCl until free from palladium. Since AgCl 
tends to retain ]ialladium it is advisable to redissolve the silver with 
HNO3 after reduction of AgC'l and reprecipitate the chloride to obtain 
a complete separation of palladium. 

Separation of Palladium from Platinum. — The chlorides of plati- 
num and palladium being free from HNO3 and having an excess of 
HCl arc diluted with water. A 10% solution of potassium iodide is 
added until all of the palladium is precipitated. Avoid adding a 
large excess. The precipitate of Pdl 2 is filtered off and washed free 
from platinum and alkali with water slightly acidulated with HCl. 
The filter is ignited to metallic sponge in a current of hydrogen. 
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METHODS 

1. The palladium is precipitated from the solution by granulated 

zinc, the solution having a small amount of free hydrochloric acid. 
The residue, after the zinc is dissolved, is put on a filter and washed 
free from impurities. Ignite the filter and dissolve in a small amoupt 
of aqua regia and evaporate to a syrupy consistency. Dilute withja 
small amount of water and add a few drops of HNO3; precipitate 
the palladium w’ith NH4CI crystals. Heat for a few minutes and let 
cool. P’ilter, wash with alcohol, and igriife. Reduce in hydrogen or 
moisten with formic acid to reduce to metal any oxide that may 
have formed. ]3ry and weigh as metallic palladium. ^ 

2. With the solution containing about one-fifth the volume of 
free HCl, the palladium is preci]>itated with 10% KI solution. Heat 
to nearly boiling, filter, wash free from iron, etc., with 1 : 4 HCl. 
Ignite, cool, reduce in hydrogen or moisten with formic acid, dry and 
weigh as metallic Pd. 

3. The filtrate from the platinum precipitation or the nearly 
neutral solution containing the Pd is made to about 150 cc., and the 
Pd is precipitated by adding a solution of dimethylglyoxime (1% 
solution in alcohol). Bring to boiling and let stand overnight if con- 
venient. Filter on a weighed Gooch crucible and wash with hot 
water slightly acidified with HCl, then with alcohol. Dry and weigh 
as (C 8 Hi 4 N 404 )Pd, which contains 31.07% Pd. 

4. The nitric acid in the palladium solution is expelled by evapo- 
rating with HCl. Neutralize the chloride solution almost completely 
with sodium carbonate and mix the solution with a solution of mer- 
curic cyanide, Hg((^N) 2 , and heat gently for some time. Let stand 
until cool, overnight if convenient. A yellowish-white precipitate of 
Pd(CN )2 is formed. Filter, wash with 1% Hg(CN )2 solution, ignite 
and reduce in hydrogen to metal, or reduce with formic acid, dry, 
and weigh as metallic Pd. 
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PHOSPHORUS 


P 4 , at.wt. 31.04: sp.gr. 



r yellow 1. 831 

44° 

sp.gr. - 

;m.p. 

; b.p. 


[red 2.296 

[726° 


290° C oil, 

; oxides, 


P 2 O 6 , PO 2 . PaOo; acids, HjPOa, Hj,P 03 , HaP 04 , HPO 3 , H4Pa07. 
OCCURRENCE 


The determination of the pentoxide of phosphorus is required in a 
large number of substances, since it is widely distributed in the form 
of phosphates — calcium phosphate, Ca3(P04)2; fluor apatite, SCa® 
(P04)2.CaF2; chlor apatite, 3Ca3(P04)2.CaCl2; vivianite, Fe3(P04)2. 
8H2O; wavellite, 2Al2(P04)2.Al2(OH)6.9H20; pyromorphite, 3 Pbg 
(P04)2.PbCl2;. phosphates of iron and calcium in phosphate ores, 
hence in slags of the blast furnace. It occurs in fertile soils, bones, 
plant and animal tissues. 

Minerals. — Among the minerals mentioned above we need men- 
tion only the following for commercial importance as phosphates — 
Apatite^ Asparagus Stone, Phosphate Rock, CasCClF) (P04)3, a brittle, 
transparent to opaque, mineral of vitreous to resinous lustre, white, 
colorless, yellow, green, violet, red and brown color, with white streak. 
Occurs as small or large hexagonal prisms, or in compact, dull gray 
or white masses, nodules resembling limestone. Varieties, Phosphorite, 
Phosphate Rock, Guano. The chief source of phosphates — 

Wavellite, ALCOH) 6(P04)4.9H20; Wagnerite, Mg2P04F. VivianiU, 
Blue Iron Earth, Fej(P04)2.8H20. 

The chemist is especially concerned in the determination of phos- 
phoric acid (P2O6), in the evaluation of materials used for the manu- 
facture of the acid — bone ash and phosphate rock (sec table below). 
Generally, determinations of lime, iron and aluminum are also desired 
and frequently a more complete analysis. In the analysis of phos- 
phoric acid certain impurities occurring in the crude material used are 
determined, e.g., iron, lime, magnesium, sulphuric, hydrochloric and 
hydrofluoric acids, etc. Phosphoric acid is determined in the evalua- 
tion of phosphate fertilizers, phosphates used in medicine, phosphate 
baking powders, etc. 

The element is determined in iron, steel, phosphor bronzes, and 
other alloys. 
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Typjcai, Analyses* 


Bubstancc 

Bone Ash 

(!)harlestown 

l^liosphate 

Spanisli 

Phiwphonte 

Sombrero 

Phosphate 

lledonda 

Phosphate 

Canadian 

Phosphate 

Fhoephoric oxide 

39.55 

27 17 

33 38 

3512 

35 47 

I 37 68 


Hulphur trioxide 


3 30 

0 57 





Carbon dioxide 

4 43 - 

4 96 

4 10 

7 40 




Lime 

52 46 

44 03 

47 16 

51 33 

. 

51 M 1 


MagncBia 

102 

0 37 

trace 



1 


Alumina 


144 

0 89 

Fe 

2017 

FeiOs, 


Ferric oxide 

017 

0 43 

2 59 

102 

8 85 

AI2O3, \ 


Fluorine, etc. 


2 38 

4 01 



F etc ' 

i 

Alkaline salts 


0 87 


0 42 


6 88 

\ 

Silica — sand, etc 

0 51 

5 60 

3 71 

2 02 

9 70 

4 29 

\ 


1 Thorpe, "Dictionary of Applied Chemistry,” Longmans, Green & Co. 
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DETECTION 

Element. — Phosphorus is recognized by its glowing (phosphores 
cence) in the air. The element is quickly oxidized to P2O6; if the 
yellow modification is slightly warm (34° C.) the oxidation takes 
place with such energy that the substance bursts into flame. The red 
form is more stable. It ignites at 260° C. 

Boiled with KOH or NaOH it forms phosphine, PHa, which in 
presence of accompanying impurities is inflammable in the air. 

Phosphorus oxidized to P2O6 may be detected with ammonium 
molybdate, a yellow compound, (NH4)3P04.12Mo03.3H20, being 
formed. 

Acids. — Ilypophosphorous Acid, H^POi, heated with copper sul- 
phate to 55° C. gives a reddish-black compound, CU2H2, which breaks 
down at 100° C to H and Cu. Permanganates are reduced immediately 
by hypophosphorous acid. No precipitates are formed with barium, 
strontium o; calcium solutions. Zinc in presence of sulphuric acid 
reduces hypophosphorous acid to phosphine, PII3. 

Phosphorous Acid, HaPO^, — Copper sulphate is reduced to 
metallic copper and hydrogen is evolved, no CU2H2 being formed as 
in case of hypophosphorous acid. Permanganates are reduced slowly. 
Added to solutions of barium, strontium or calcium white phosphites 
of these elements are precipitated. Alkali phosphites are soluble in 
water, while hypophosphites are not readily soluble. 

Orthophosphoric Acid, IhPOi. — Ammonium phosphomolybdate 
precipitates yellow ammonium phosphomolybdate from slightly nitric 
acid solutions. The precipitate is soluble in ammonium hydroxide. 

Metaphosphor ic Acid, HPO^^ — Converted by nitric acid in hot 
solutions to the ortho form. Metaphosphoric acid is not precipitated 
by ammonium molybdate. 

Pyrphosphoric Acid, H — Converted to orthophosphoric 
acid in hot solutions by nitric acid. No precipitate is formed with 
ammonium molybdate. 


Comparison of Ortho-, Meta- and Pvrophosi»horic^ Acids 


Roa.K(‘nt 

OrtliophoBphorif 

a(;icl 

MetaphoHphonc 

acid 

Pyrophosphoric 

acid. 

Ammonium molybdate 

Albumin • 

Yellow ppt. 

No ppt. 
Coagulated 
No. ppt. 
White ppt., 
AgP6a 

No ppt. 

No ppt. 

Not coagulated 
White ppt. 

White ppt. 

Ag4P207 

No ppt. 

Zinc sulphate, cold, in excess . . 
Silver nitrate in neutral solution 

Magnesium salts 

Yellow ppt., 

Ag3P04 

White ppt. 


Phosphorous acids are distinguishqjd from phosphoric acids by the 
phosphine formed with the former when acted upon with zinc. 



436 


METALLURGICAL ANALYSIS 


Acid phosphates are distinguished from normal phosphates as 
follows: Neutral silver nitrate added to an acid phosphate liberates 
free nitric acid (Litmus test), the following reaction taking place: 

SAgNOa + Na2HP04 = Ag3P04 + 2NaN03 + HNO3. 

The solution resulting when silver nitrate is added to normal 
phosphate solution is neutral. ' 

3 AgN 03 + Na 3 P 04 - Ag 3 P 04 + SNaNOj. 
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METHODS OF ANALYSIS 

Preliminary Remarks. Practically all procedures for the deter- 
mination of phosphorus depend upon its oxidation to ortho phosphoric 
acid and its precipitation by ammonium molybdate from a nitric acid 
solution as ammonium phospho-molybdate. It may now be determined 
either graviraetrically or volumetrically. Two procedures are of im- 
portance in the gravimetric determination of phosphorus; the first 
depends upon the direct weighing of the yellow phosphomolybdate, 
dried at 110° C.; the second, on the conversion of the yellow pre- 
cipitate to the magnesium salt and its ignition to pyrophosphate. 
Two volumetric procedures, which are of special value in the deter- 
mination of small amounts of phosphorus as in case of phosphorus in 
iron and steel, are to be recommended for their rapidity and accuracy. 
One of these is to dissolve the yellow precipitate in a known amount 
of standard alkali, titrate the excess alkali with standard acid, the 
difference being the amount combined with ammonium phosphomolyb- 
date. From this the amount of phosphorus present may be calculated. 
A second procedure of equal accuracy and rapidity is to dissolve the 
molybdate in ammonia, add an excess of sulphuric acid, pass the warm 
solution through a column of zinc and titrate the reduced molybdic 
acid with standard potassium permanganate, the amount of perman- 
ganate required being a measure of the phosphorus present. 

The impurities interfering in the procedures are silica and arsenic 
acid. The first may be eliminated by dehydration of the silicic acid 
in the solution and its removal as insoluble Si02 by filtration. Arsenic 
in small quantities does not interfere under certain conditions; in 
large quantities its removal is imperative. 

Preparation and Solution of the Sample 

Amount of the Sample Required. — For accurate results it is 
advisable to take a fairly large sample, 5 to 10 grams, and when it 
has been dissolved, to dilute to a definite volume, 500 or 1000 cc. 
Aliquots^ of this solution are taken for analysis. 

Iron "Ores, Phosphate Rock and Minerals. — Five to 10 grams of 
the pulverized material placed in a 3 in. porcelain dish are digested 
for an hour with 50 to 100 cc. of concentrated hydrochloric acid 
(sp.gr. 1.19), the dish being covered by a clock-glass and placed on a 
steam bath. The acid is now diluted with half its volume of water 
and the solution filtered into a porcelain dish of sufficient capacity 
to hold the filtrate and washings. The residue is washed with dilute 
hydrochloric acid (1 : 1) until free of visible iron discoloration. The 
filtrate and washings are evaporated rapidly on a hot plate to small 
volurhe and then to dryness over the “Steam bath. Meanwhile the 
insolvhle residue and filter are ignited in a 20 cc. platinum crucible 
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over a Meker burner or in a muffle furnace and the residue fused with 
ten times its weight of sodium carbonate. The fusion is removed by 
inserting a platinum wire into the molten mass, allowing to cool and 
then gently heating until the mass loosens from the crucible, when it 
may be removed on tlie wire. The cooled mass on the wire and that 
remaining in the cruci))l(‘ arc dissolved in dilute hydrochloric acid, 
and the filtered solution added to the main solution. The combined 
solutions are evaporated to dryness, and heated gently to dehydrate 
the silica. The residue is taken up with a few cc. of hydrochloric 
acid, the solution diluted, filtered and the SiO^ washed with dilute 
nitric acid solution. The combined filtrates are made up to 500 \or 
1000 cc. Aliquots of this solution are taken for analysis. 

Iron and Steel. — Five to 10 grams of the drillings or filings aiie 
dissolved in an Erlenineyer flask with 50 to 100 cc. of dilute nitric 
acid, 1:1, more acid being added if necessary. When dissolved, a 
strong solution of KMn 04 is added until a pink color appears; on 
boiling brown manganese dioxide forms in the solution if a sufficient 
amount of iiernianganate has been added. This is dissolved by adding 
2% sodium thiosulphate solution in just sufficient quantity to dissolve 
the precipitate. The solution is diluted to a convenient volume for 
analysis. Wliere a number of determinations are t(> be made, it is 
advisable to weigh the amount of sample desired for the determination 
and to precipitate the ammonium phosphomolyhdate in the flask in 
which the drillings have been dissolved. 

Ores Containing Titanium. — Titanium may be recognized by the 
red color produced by hydrogen peroxide, H 2 O 2 , added to the sul- 
phuric acid extract; also by the reduction test with zinc, which 
causes a play of colors, the solution becoming colorless by the re- 
duction of iron, then, in presence of titanium, pink, purple and fi- 
nally blue. (Vanadium gives similar tests.) Solutions containing 
titanium frequently appear milky when the solution is diluted before 
filtering off the insoluble residue. Since titanium forms an insoluble 
compound with phosphoric acid and iron oxide the final residue, 
obtained by the method of solution for ores, phosphate rock and 
minerals, should be moistened with sulphuric acid and the silica ex- 
pelled with hydrofluoric acid. The solution is evaporated to dryness 
and to SO 2 fumes, the residue fused with sodium carbonate and taken 
up with boiling water. TiOa remains insoluble, while PzOg passes 
into the filtrate. 
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GRAVIMETRIC METHODS FOR DETERMINATION OF 
PHOSPHORUS 

A. DIRECT WEIGHING OF THE AMMONIUM PHOSPHOMOLYBDATE 
PRECIPITATION OF AMMONIUM PHOSPHOMOLYBDATE 

Precipitation of amrnonivm phosphomolyhdnte is common to all 
subsequent methods for determination of phosphorus, and, as in rase of 
preparation and solution of the sample, details of this procedure will not 
be repeated. 

Reaction. 

H3PO4 + 12(NH4 )->Mo 04 + 2IHNO3 

= (NH4)3P04.12Mo 03 + 21Nn4N03 + I 2 H 2 O. 

Special Reagents Required. — Amrnonium Molybdate. — One hun- 
dred grams of pure molybdic acid are thoroughly nuxed with 400 cc. 
of cold distillt!d water and 80 cc. of strong ammonia (sp.gr. 0.90) 
added. When the solution is complete it is poured slowly and with 
constant stirring into a mixture of 400 cc. of strong nitric acid (sp.gr. 
1.42) and 600 cc. of distilled water. This order of procedure should be 
followed, as the nitric acid poured into the ammonium molybdate 
solution will cause the precipitation of a difficultly soluble oxide of 
molybdenum. 0.05 gram of inicrocosmic salt, dissolved in a little 
water, are added, the precijiitate agitated, then allowed to settle for 
twenty-four hours and the clear solution decanted through a filter into 
a large reagent bottle. Sixty cc. of the reagent should be used for 
every 0.1 gram of PaOs present in the solution analyzed. 

Potassium Permanganate. — For oxidation purposes a two per cent 
solution filtered free of dioxide through asbestos is required. 

Amount of Sample Required for Analysis. — If the material con- 
tains over 20% P2O5, 0.1 to 0.5 gram sample should be taken; if the 
product contains 5 to 20%) P2O5, 0.1 to 0.5 gram should be taken; for 
a sample containing 0.5 to 5%, 2.5 to 1 gram sample is taken, and 
for P2O6 less than 0.5%, a 5 gram sample is taken. 

Precipitation. — The free acid of the solution is nearly neutralized 
by addition of ammonium, hydroxide. In analysis of phosphate rock or 
materials comparatively low in iron, it is advisable to add ammonium 
hydroxide in quantity sufficient to cause a slight permanent precipi- 
tate followed by just sufficient HN(33 to dissolve the precipitate. 
In iron and steel analysis ammonium hydroxide is added until the pre- 
cipitated iron hydroxide dissolves with difficulty and the solution 
becomes a deep amber color or cherry red. In analysis of soluble 
phosphates, litmus paper dropped into the solution indicates the 
neutral point. Nitric acid is added to the neutral or slightly acid 
solution, 5 cc. of acid for every 100 cc. of solution. A volume of 
150 to 200 cq. of solution is the proper dilution for samples taken in 
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amounts above recommended. To the warm solution (not over 80** 
C.) ammonium molybdate is added^ 60 cc. of the reagent being required 
for every 0.1 gram of PaOs present. The solution is stirred, or shaken, 
if in a flask, until a cloudy precipitate of ammonium phosphomolybdate 
appears. It is then allowed to settle on the steam bath at a tempera- 
ture of 40 to 60° C., for half an hour, then again agitated and allowed 
to settle in the cold for half an hour or longer. The filtrate should be 
tested with additional ammonium molybdate for phosphorus. The (yel- 
low precipitate is filtered and washed with 1% HNO3 solution folio Wed 
by a 1% solution of KNO3, or NH4NO3 or (NH 4 ) 2 S 04 as the special 
case requires. Filtration through asbestos in a Gooch crucible is \to 
be recommended. When a large number of determinations are to be 
made, as in case of iron and steel, filter paper is more convenient. 
After a final washing with water the precipitate, free from contami- 
nating impurities, is dried for two hours in an oven at 110° C., then 
cooled in a desiccator and weighed. Weight of precipitate X 0.0165 
= P, or X 0.03784 = 

Note. If this procedure* is to be followed it will be eonvement to take 1.65 
grams sample, if the phosphorus content will allow. Each 0.01 gram of f)re- 
cipitate will then equal 1 % P. 


B. DETERMINATION OF PHOSPHORUS AS MAGNESIUM 
PYROPHOSPHATE 

Magnesia Mixture. — For precipitation of ammonium magnesium 
phosphate, 110 grams of magnesium chloride (MgCl 2 . 0 H 2 O) are dis- 
solved in a small amount of water. To this are added 280 grams of 
ammonium chloride and 700 cc. of ammonia (sp.gr. 0.90); the solution 
is now diluted to 2000 cc. with distilled water. The solution is allowed 
to stand several hours and then filtered into a large bottle with glass 
stopper. Ten cc. of the solution should be used for every 0.1 gram of 
P 2 OB present in the sample analyzed. As the reagent becomes old it 
will be necessary to filter off the silica that gradually accumulates from 
the reagent bottle. 

Procedure. — The ammonium phosphomolybdate,^ obtained as 
directed (under A), is filtered onto a rapid filtering filter paper and 
washed four or five times with dilute 1% HNO3. The precipitate 
is now dissolved from the filter by a fine stream of hot ammonium 
hydroxide, 1:1, catching the solution in the beaker in which the 
precipitation was made. The solution and washings should be not 
over 100 to 150 cc. Hydrochloric acid is added to the cooled solution 
to neutralize the excess of ammonia, the yellow precipitate, that forms 
during the neutralization, dissolving with difficulty when sufficient 

* Note. In absence of heavy metals whose phosphates are insoluble in 
ammonia the magnesia mixture may be added directly to the neutral solution 
containing the phosphate, without* previous precipitation as molybdate. 
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acid has been added. To the cooled solution cold magnesia mixture 
is added drop by drop (2 drops per second) with constant stirring. 
Ten cc. of the reagent will precipitate 0.1 gram of P-iOs. When the 
solution becomes cloudy the stirring is discontinued and the precipitate 
allowed to settle ten minutes. Ammonium hydroxide is added until the 
solution contains about one-fourth its original volume of strong ammonia 
(e.g. 25 cc. of NH4OH, 90 to 100 cc. of solution). The solution is 
stirred during the addition and then allowed to settle for an hour 
or more. It is filtered preferably through a Gooch crucible (or 
through an ashless filter paper), and the precipitate washed with 
dilute ammonium hydroxide, 1 : 4, then placed in a porcelain crucible, 
a few drops of saturated solution of ammonium nitrate added and the 
precipitate heated over a low flame till decomposed (or until the 
paper chars). The lumps of residue arc broken up with a platinum 
rod and again ignited over a Scimatco or Meker burner, the heat 
being gradually increased. If the heating is properly conducted, the 
resultant ash will be white or light gray, otherwise it will be dark. 
The addition ^of solid ammonium nitrate aids the oxidation in ob- 
stinate cases but there is danger of slight mechanical loss. The 
crucible is cooled in a desiccator and the residue weighed us magnesium 
pyrophosphate. 

Mg2P207 X 0.2787 » P and MgaP^O; X 0.6379 = PzOs. 
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VOLUMETRIC METHODS FOR THE DETERMINATION 
OF PHOSPHORUS 

These volumetric procedures are especially applicable for deter- 
mining small amounts of phosphorus such as are present in steel and 
in alloys. 

C. ALKALIMKTRIC METHOD i 

The method is bsiscd on the acid character of ammonium \>hos- 
phomolybdate, the following reaction taking place with an ai^lkali 
hydroxide : \ 

2 (NH 4 ) 3 . 12 Mo 03 .P 04 + 4fiNa()lI + H^O 

= 2(NH4)2HP04 + (NH4)2 Mo 04 -h 23Na,Mo04 + 23H2O 

From the reac.tion 4t) molecules of sodium hydroxide are equivalent 
to one molecule of P2O6, hence 1 cc. of a N/10 solution of sodium 
hydroxide neutralizes the yellow precipitate containing an equivalent 
of .000309 gram of P tO,, 

Solutions Required. — Nitric Acid for Dissolving: Mix 1000 cc. 
of HNO3, sp.gr. 1,42 and 1200 cc. of distilled water. 

Nitric Acid for Washing. Mix 20 cc. of HNO3, sp.gr. 1.42, and 
1000 cc. of distilled water. 

Ammonium Molybdate: Solution No. 1. Place in a beaker 100 g. 
of 85 per cent molybdic acid, mix it thoroughly with 240 cc. of distilled 
water, add 140 cc. of NII4OH, sp.gr. 0.90, filter and add 00 cc. of 
HNO3, sp.gr. 1.42. 

Solution No. 2. Mix 400 cc. of HNO3, «p gr. 1.42, and 960 cc. of 
distilled water. 

When the solutions are cold, add solution No. 1 to solution No. 2, 
stirring constantly; then add 0.01 gram of ammonium phosphate dis- 
solved in 10 cc. of distilled water and let stand at least 24 hours 
before using. 

Potassium Nitrate, 1 per cent: Dissolve 10 g. of KNO3 in 1000 cc. 
of distilled water. 

Phenolphthalein Indicator: Dissolve 0.2 g. of phcnolphthalein in 
50 cc. of 95 per cent ethyl alcohol and 50 cc. of distilled water. 

Standard Sodium Hydroxide: Dissolve 6.5 g. of purified NaOH 
in 1000 cc. of distilled water, add a slight excess of 1 per cent solution 
of barium hydroxide, let stand for 24 hours, decant the liquid, and 
standardize it against a steel of known phosphorus content as deter- 
mined by the molybdate-magnesia method, so that * 1 cc. will be 
equivalent to 0.01 per cent of phosphorus on the basis of a 2 g. 
sample (see notes). 

Protect the solution from carbon dioxide with a soda-lime tube. 

Ferric Chloride: Dissolve 100 g. of ferric chloride (phosphorus free) 
in 100 cc. of distilled water. ^ 

Standard Nitric Acid: Mix 10 cc. of HNO3, sp.gr. 1.42, and IQOQ 
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cc. of distilled water. Titrate the solution figainst standardized 
NaOH, using phenolphthalein as indicator, and make it equivalent 
to the NaOH by adding distilled water. 

(a) Method for Copper Alloys 

In a 400 cc. casserole dissolve 1 g. of copper alloy metal in 10 cc. 
of HNO 3 , sp.gr. 1.42. Add 20 cc. of HCl, sp.gr. 1.20, and evaporate 
to dryness. Moisten with IICI, evaporate to dryness again, and bake 
to dull redness. Moisten with HCl again (add ‘A cc. of ferric chloride 
solution unless iron is already present) and dilute to about 200 cc. 
with distilled water. Add NH 4 OH, sp.gr. 0.90, until the basic salts 
of copper have dissolved and the solution has become a deep blue. 
Boil, allow to settle, and filter on a loosely woven filter i)aper. Wash 
with dilute ammonia and with hot water. Dissolve the precipitate 
on the filter with hot dilute HCl, dilute the solution to about 200 cc., 
add NH 4 OH, sp.gr. 0.90, until the precipitate which forms at first 
dissolves rather slowly, and saturate with gas. Filter off and 

reject the pre(?ipitate. Boil the filtrate to expel H 2 S, and add HNO 3 , 
sp.gr. 1.42, until the iron is oxidized. Add NII 4 OH, sp.gr. 0.90, until 
the solution is alkaline. Boil and filter on a loosely woven filter paper. 
Wash with dilute ammonia and with hot water. Dissolve the pre- 
cipitate on the filter with IINO 3 (sp.gr. 1.42) receiving the solution 
in a 350 cc. Erlenmeyer flask. Add NH 4 OH, sp.gr. 0.90, until the 
iron is entirely precipitated, and then add HNO 3 , sp.gr. 1.42, cau- 
tiously until the solution just becomes clear. Bring the solution to a 
temperature of about 80® C., and add 40 cc. of ammonium molybdate 
at room temperature. Allow to stand for one minute, shake or agitate 
for 3 minutes, and filter on a 9 cm. paper. Wash the precipitate 
three times with the 2 per cent IINO 3 solution to free it from iron, 
and continue the washing with the 1 per cent KNO 3 solution until 
the precipitate and flask are free from acid. 

Transfer the paper and precipitate to a solution flask, add 20 cc. 
of distilled water, 5 drops of phenolphthalein solution as indicator, 
and an excess of standard NaOH solution. Insert a rubber stopper 
and shake vigorously until solution of the precipitate is complete. 
Wash off the stopper wdth distilled water and determine the excess 
of NaOH solution by titrating with standard HNO 3 solution. Each 
cubic centimeter of .standard NaOH solution represents 0.01 per cent 
of phosphorus. 

Accuracy: Duplicate determinations should check within 0.01 per 
cent of phosphorus. 

Notes. The ammonium-molvbdate* solution should be kept in a cool place 
and should always be filtered before using. 

All distilled water u.sed in titrations should be freed from carbon dioxide by 
boiling or otherwise. 

Bureau of Standards Standard Steel No. 19 (a) is recommended as a suita- 
ble steel of standardization of the NaOH solution. 
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(6) Method for Steel 

Procedure. The ammonium phosphomolybdate, obtained accord- 
ing to directions already given on page 439, is filtered into a Gooch 
crucible containing asbestos, and washed once or twice with water 
containing 1% nitric acid, and then several times with a 1% neutral 
solution of potassium nitrate until the washings are free of acid, 
indicated by testing with litmus paper. The asbestos mat containing 
the precipitate is transferred to a No. 4 beaker, 100 cc. of CO 2 free 
water added, followed by about 20 cc. of N/10 NaOH measured^ 
from a burette. The crucible is rinsed out with 5 to 10 cc. of N/10\ 
NaOII, the exact amount being noted and then with water, adding 
the rinsings to the main solution. Phenolphthalein indicator is added, 
and the excess of caustic titrated with N/10 HNO 3 . The total NaOH 
added minus the acid titration equals the cc. of the caustic required 
to react with the yellow precipitate. 

One cc. of N/10 NaOH = 0.000136 gram of P and = 0.000309 gram 
of P 2 O 5 . 

The exact factor should be determined as directed under Reagents. 
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D. ZINC REDUCTION AND TITRATION WITH POTASSIUM PERMAN- 
GANATE 

Permanganate. — Ferric-Alum Method. — This method is based on 
the assumption that ammonium phosphomolybdate,(NH4)3.12Mo03.P04, 
is reduced, in acid solution, by zinc, the molybdic acid, M0O3, forming 
the lower oxide M02O3, in which form it reacts with ferric iron in the 
receiving flask, reducing a corresponding equivalent of ferric salt to 
ferrous condition, being itself oxidized to M0O3. When the ferric 
solution is not placed in the receiving flask a slight oxidation takes 
place, the oxide M024O37, apparently being formed. 


Special Apparatus Required 

Jones* Reductor. — Details of the reductor are given under the 
determination «of iron by the permanganate method, also under the 
Volumetric Determination of Molybdenum, pages 319, 393. 

Solutions Required. — 

Dilute Ammonia: Mix 100 cc. of NH4OII, sp.gr. 0.90, and 900 cc. 
of distilled water. 

Dilute Hydrochloric Acid: Mix 500 cc. of HCl, sp.gr. 1.20, and 
600 cc. of distilled water. 

Dilute Sulphuric Acid for Dissolving: Mix 200 cc. of H2SO4, sp.gr. 
1.84, and 800 cc. of distilled water. 

Dilute Sulphuric Acid for Reductor: Mix 500 cc. of H2SO4, sp.gr. 
1.84, and 500 cc. of distilled water. 

Ammonium Molybdate: Solution No. 1. Place in a beaker 100 g. 
of 85 per cent molybdic acid, mix it thoroughly with 240 cc. of distilled 
water, add 140 cc. of NH4OH, sp.gr. 0.90, filter and add 60 cc. of 
HNO3, sp.gr. 1.42. 

Solution No. 2. Mix 400 cc. of HNO3, sp.gr. 1.42, and 960 cc. of 
distilled water. 

When the solutions are cold, add solution No. 1 to solution No. 2, 
stirring constantly, then add 0.1 g. of ammonium phosphate dissolved 
in 10 cc. of distilled water, and let stand at least 24 hours before 
using. 

Acid Ammonium Sulphate: Mix 25 cc. of H2S04, sp.gr. 1.84, and 
1000 cc. of distilled water, and then add 15 cc. of NH4OH, sp.gr. 0.90. 

Ferric Alum: Dissolve 200 g. of ferric ammonium sulphate crystals 
in 1950 cc. of distilled water. Add 50 cc. of H2SO4, sp.gr. 1.84, and 
80 cc. of phosphoric acid, 85 per cent. 

Potassium Permanganate: Dissolve from 3.0 to 3.2 g. of KMn04 
in 1000 cc. of distilled water. AlloAr the solution to stand for about 
one week, and then filter it through an asbestos filter. Standardize 
by using about 0.200 g. portions of pure sodium oxalate. 
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Standard for Phosphorus in Steel. — The exact value of the per- 
manganate solution may be accurately and rapidly determined in 
terms of phosphorus by standardizing against a sample of standard 
steel containing a known amount of phosphorus, the ultimate standard 
being steel drillings furnished by the Bureau of Standards. The 
drillings are dissolved in nitric acid, oxidized with KMn04, the ej^cess 
of the reagent being destroyed by thiosulphate solution, Amrajonia 
is added until the solution becomes a deep amber color. The j^^os- 
phorus is precipitated as ammonium idiosphomolybdate. The follow- 
ing procedure is the same as is given in the vmlumctric method follow- 
ing: The permanganate titration of the reduced molybdic acid divided 
into the amount of phosphorus known to be present in the solution 
will give the value of the permanganate in terms of phosphorus. 

Wt. of P in sample ^ t r 

V - v;- 7; r— = amount of r per cc. of KMn04. 

cc. KMn()4 required 


Method. — In a 400 cc. casserole dissolve 1 g. of the metal in 
10 cc. of HNO3, sp gi 1.42. Add 20 cc. of sp.gr. 1.20, 

and evaporate to dryness. Moisten with IlCl, evajiorate to dryn€‘.ss 
again, and bake to dull redness. Moisten with HCl again, and 
dilute to about 200 cc. with distilled water and filter if cloudy. 
To the solution add NH4OII, sp.gr. 0.90, until the iron is entirely pre- 
cipitated, and then add HNO3, sp.gr. 1.42, cautiously until the solu- 
tion just becomes cliiar, the solution having an amber color. Bring 
the solution to a temperature of about 80° and add 40 cc. of 
ammonium molybdate at room temperature. Allow to stand for one 
minute, shake or agitate for 3 minutes, filter on a 9 cm. paper, 
and wash very thoroughly (about 25 times) with acid ammonium 
sulphate. Dissolve the precipitate on the paper using 50 cc. of dilute 
ammonia. Add 10 cc. of 112804, sp.gr. 1.84, and immediately pass 
the solution through a Jones reductor, wliich has the reductor tube 
prolonged and reaching nearly to the bottom of the flask, dipping 
into 50 cc. of ferric-alum solution. Wash through the reductor with 
150 cc. of distilled water, and follow with an additional 100 cc. of 
distilled water. Titrate with standard KMn04. 

By this method the molybdenum in passing through the reductor 
is reduced entirely to the form M02O3, and is oxidized by the ferric 
alum to the form M0O3, an equivalent amount of iron being reduced 
to the ferrous condition. As the yellow precipitate contains one atom 
of phosphorus to each twelve molecules of M0O3, and as three atoms 
of oxygen oxidize two of molybdenum, eighteen oxygens or thirty-six 
irons are equivalent to one phosphorus. Therefore, the iron value 
of the permanganate multiplied l>y the factor P/36 Fc (or 0.01540) 
gives the value of the permanganate in terms of phosphorus. 

Accuracy: Duplicate determinations should check within 0.01 per 
cent of phosphorus. 

Notes. The ammonium-molybdate solution should be kept in a cool place 
and should always be Altered before using. 
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A blank determination should bo made on eorrespondinR amounts of acid 
and water, passing through the reductor into the usual amount of ferric-alum 
solution in the flask. 

A small quantity of liquid should always be left in the rcduetor funnel, and 
air should never be allowed to enter fhc reductor. 

Description of the Jones reductor is given on page 319, \’olumo 1, “Standard 
Methods of Chemical Analysis,” by W. W. Scott. 

Notes. During the titration, the solution changes in color to a 
brown, a pinkish yellow and finally to pink. 

Calculation. Case 1. If ferric sluphate is in the receiver (OMouOs 
-f 18 O = I2M0O3 in the molecule containing 1 P) ; IS O are equiva- 
lent to 36 H, hence N/IO P according to this reaction equals at.wt. 
P divided by (3G X 1000) = P for 1 cc. of N/10 KMn04 = .0000862 g. P. 

Case 2. No ferric salt in receiver. M024O37 4- •‘h'i O = 24M0O3 
-f 2P.(35 O = 70 H). Dividing bv 2 we get at.wt. P divided by 
(35 X 1000) - P for 1 cc. of N/10 'KMn04 = .0000887. 


VOLUMETRIC DETERMINATION OF FREE PHOSPHORIC ACID 

Phosphoric acid may be titrated directly by means of standard 
sodium or potassium hydroxide. The choice of the indicator is im- 
portant as may be seen by the following reactions: 

H3PO4 + NaOH = H2O + NaH2P04 (neutral to methyl orange, acid 
to phenolphthalein), 

H3PO4 + 2NaOH = 2H2O -h Na2nP04 (neutral to phenolphthalein, and 
alkaline to methyl orange). 

The slight dissociation of Na2HP04 causing an alkaline reaction to 
phenolphthalein prevents the end-point being sharp. This dissociation 
may be repressed by titrating in a cold concentrated solution contain- 
ing sodium chloride. The first reaction with methyl orange indicator 
is more satisfactory. By the electrometric method J. K. Coye has 
shown that the end-point of phenolphthalein is the full color of the 
alkaline salt, not a faint pink. 
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PLATINUM 

Pt, at.wt. 195.2; sp.gr. 21.48; m.p. 1766° C.; oiddes PtO, PtOa 
OCCURRENCE 

Platinum may be present under the following conditions: 

1. Native grains usually accompanied by the other so-caHed 
platinum metals, iridium, palladium, ruthenium, rhodium, osmium, 
and gold and silver (alloyed with one or more of the allied metals). 

Ore concentrates containing the native grains as above with the 
base metals, iron, copper, chromium, titanium, etc. The associated 
minerals high in specific gravity in the gravels may be expected to 
appear with the jdatinum nvggets, such as chromite, magnetite, gar- 
net, zircon, rutile, small diamonds, topaz, quartz, casUterite, pyrite, 
epidote, and serpentine; with gold in syenite; ores of lead and silver. 

2. Scrap platinum containing, oftentimes, palladium, iridium, 
gold, silver and iron. 

3. Small amounts of platinum in the presence of large amounts 
of iron, silicon, carbon, magnesium: platinum residues, nickel and 
platinum contacts, photography paper, jewelers’ filings and trimmings, 
dental and jewelers’ sweepings and asbestos from “ contact material,” etc. 

4. Platinum alloyed with silver, gold, tungsten, nickel, copper, 
lead, etc. 

5. Platinum solutions and salts. 

Minerals. — Platinum is found native in nature, generally alloyed 
with the so-called platinum metals, iridium, palladium, ruthenium, 
rhodium and osmium. Iron is invariably present sometimes to the 
extent of 15-20%. The impure metal occurs in small grains or nuggets 
in alluvial sands and in placer deposits. The most important plati- 
num placers are in the Ural mountains. 

Sperrylite, PtAs 2 ; Platin-lridmm, alloy of Pt, Pd, Rh, Os and Ir. 
Palladium alloyed with Pt and Ir: Iridosmine, Ir, Os, Rh, Pt etc. 

DETECTION 

Platinum is a gray, lustrous, soft and malleable metal. It is not 
altered by ignition in the air, but fuses in the oxy-hVdrogen flame. 
It does not dissolve in any of the, single acids, but a fusion with acid 
potassium sulphate attacks the metal slightly. The action of chlorine 
in general, and nitro-hydrochloric acid (aqua regia), the main solvent, 
converts the metal to hydrochlorplatinic acid, HaPtCU, which forms 
many double salts, or platimchlorides. If platinic chloride is gently 
heated it breaks up into platinous chloride, PtCU, and chlorine. 
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If, however, the platinum is alloyed with nilver, it disBolves in 
nitric acid to a yellow liquid, provided sufficient silver is present in 
the alloy. 

The oxides can be formed by carefully igniting the corresponding 
hydroxides. These are very unstable, decomposing into metal and 
oxygen by gentle ignition. 

The chlorides arc the most important compounds of platinum. 
Two complex acids are formed with hydrochloric acid when the metal 
is dissolved in aqua regia. 

PtCL + 2HC1 - HaPtCle (hydrochlorplatinic acid), orange-red crystals. 

PtCl'i + 211 Cl = Il 2 ptCl 4 (hydrochlorplatinous acid), only known in 
solution. 

An aqueous solution of the former is yellowish-orange, while an 
aqueous solution of the latter is dark brown, the former being by far 
the more important. 

Potassium ’iodide precipitates platinic iodide, but it dissolves 
quite readily, giving a pink to a dark blood-red liquid, depending on 
the concentration of the solution. Nitric acid should be absent. The 
color is destroyed by heat, also by hydrogen sulphide, sodi\im thiosulphate 
and sulphite, sulphurous acid, mercuric chloride and certain other 
reducing reagents. 

Hydrogen sulphide precipitates black platinic disulphide, PtSs, 
with the other elements of the hydrogen sulphide group. The solution 
should be warm, as precipitation takes place more quickly. It is 
difficultly soluble in ammonium sulphide. It will be found in the 
extract with the arsenic, antimony, tin, gold, molybdenum, etc., and 
is precipitated with these elements upon addition of hydrochloric acid. 
Platinic sulphide is soluble in aqua regia. Addition of 75% MgCL 
solution prevents formation of colloidal PtS 2 . 

Ammonium chloride added to a concentrated solution of platinic 
chloride precipitates yellow (NH 4 ) 2 PtCl 6 , which is slightly soluble in 
water, but insoluble in dilute ammonium chloride solution and alcohol. 

Potassium chloride precipitates yellow K 2 PtCl 6 , which is difficultly 
soluble in water, but insoluble in 75% alcohol. 

Ferrous sulphate on boiling precipitates metallic platinum from a 
neutral solution. Neutralize with Na 2 (' 03 . Free mineral acids (ex- 
cept dilute H 2 SO 4 ) prevent the precipitation (difference from gold). 

Stannous cMoride does not reduce platinic chloride to metal, but 
reduces hydrochlorplatinic acid to hydrochlorplatinous acid. 

HgPtClfi + SnCL =*H2PtCl4 + SnCL. 

Oxalic acid does not precipitate .platinum (difference from gold). 

Sodium hydroxide with glycerine reduces hydrochlorplatinic acid 
on warming to black metallic powder. 



450 


METALLURGICAL ANALYSIS 


Formic acid precipitates from neutral boiling solution all the 
platinum as a black metallic powder. 

Thallium protoxide precipitates from the platinous chloride solu- 
tion a pale yellow salt, thallium platinochloride. When the salt is 
heated to redness it leaves an alloy of thalbuin and platinum. 

Rubidium, caesium and thallium chlorides yield similar insplublc 
salts with platinic chloride. j 

Sodium hydroxide added to platinic chloride and then supersatu- 
rated with acetic acid produces a reddish-brown precipitate of platinic 
hydroxide Pt(OH)4. This dissolves in acids readily, except acetic icid. 

Metallic zinc, magnesium, iron, aluminum and copper are tihe 
most important metals that precipitate metallic platinum. 
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METHODS OF ANALYSIS 
Preparation and Solution of the Sample 

The best solvent for platinum is aqua regia. The metal is also 
acted upon by fusion with the fixed alkalies — sodium or potassium 
hydroxide and sodium peroxide or potassium or sodium nitrate; also 
by chlorates in the presence of HCl. Platinum, when highly heated, 
alloys with other metals, such as lead, tin, bismuth, antimony, silver, 
gold, copper, etc. The element dissolves in nitric acid when alloyed with 
silver. This gives a method for the determination of gold in the 
presence of silver and platinum alloy. 

All salts of platinum are soluble in water. The less soluble salts 
are the chloroplatinates of potassium, ammonium, rubidium, and 
caesium. Heat increases the solubility while the presence of alcohol 
decreases the solubility. 

Ores. — When the free grains of platinum, gold and osmiridiurn are 
desired the folbwing method is recommended: Five to 10 grams of 
the ore are taken from a well-mixed pulverized sample and placed 
in a large platinum dish that has been weighed. Twenty-five to 50 cc, 
of strong hydrofluoric acid together with 5 to 10 cc. of conceJitrated 
sulphuric acid is mixed with the ore in the dish and evaporated on 
the water bath, when SiF4 and the excess of HF are expelled. The 
material is gently heated until SO3 fumes are given off. This is re- 
peated with HF if necessary. The material is washed into a casserole 
with about 200 cc. of hot water and digested over a water bath for 
fifteen or twenty minutes, and is then washed by decantation, several 
times pouring the supernatant liquor through a filter to save any 
floating material that might be washed out. The filter is cautiou.sly 
burned and the residue is added to the un attacked material. This is 
transferred from the dish to a beaker or a porcelain dish and treated 
with aqua regia. The platinum and a small amount of iridium that 
dissolves with the platinum on account of its being alloyed can be 
precipitated with ammonium chloride. The remaining residue in the 
dish will be a small amount of sand and osmiridiurn. The silica is 
driven off with HF as described above and the bright grains weighed 
as osmiridiurn, or the sand and osmiridiurn are run down in a scorifier 
with lead, and the lead dissolved in dilute nitric acid, leaving the os- 
miridium grains free from sand. 

Platinum Scrap. — One-half gram to a gram is dissolved in aqua 
regia and evaporated with HCl to get rid of the HNO3. 

If the platinum is alloyed with ^ large amount of copper, silver, 
.lead and other impurities, a sample of 1 to 5 grams is dissolved in 
15 to 25 cc. of HNO3, whereby the copper, silver, lead and other im- 
purities alloyed with the platinum as. well as a large amount of plati- 
num will dissolve. The residue after washing will be platinum and 
gold. These are dissolved in aqua regia* as described above and the 
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platinum precipitated with ammonium chloride. The platinum is 
recovered from the nitric acid solution and added to the aqua regia 
solution and the whole is evaporated to get rid of the HNO3. 

Small Amounts of Platinum in the Presence of Large Amounts of 
Iron; Iron Scale, Fe 203 ; Sulphate of Iron, Sulphate of Magnesium, 
Silica, etc. — The material is carefully weighed and the coarse scales 
are separated from the finer material containing the platinunl by 
passing the fines through a 20-in. mesh or finer wire sieve, ^he 
coarse scale seldom contains platinum, but it is advisable to quarter 
this down to 1 kilogram or a fairly good-sized sample and test \for 
platinum on a portion of the ground sample. This can be tested by 
a wet or a fire assay. The fines are quartered down to about \ 1 

kilogram and ground to pass a 60 to 80 in. mesh sieve. Oiie 

hundred to 500 grams of the material are taken for analysis. This 

is placed in one or more casseroles, depending on the amount taken. 

Each 100-gram portion is extracted by digestion on the steam bath 
with about 300 to 400 cc. of 10% H2SO4. The iron, magnesium, etc., 
soluble in H2SO4 will go into solution, leaving the platinum with the 
insoluble residue. Filter (a Buchner funnel may be necessary) and 
wash the residue with water. Test the filtrate for platinum and if 
any is present precipitate with zinc as described below. 

After the filter is ignited in a large platinum dish, the residue is 
moistened with H2SO4, and HF is added completely covering the mate- 
rial. The solution is evaporated on the water bath until SO3 fumes 
are given off. If necessary, the treatment is repeated with 112804 and 
HF until all the silica is driven off as SiF4. The residue is transferred 
to a casserole and digested with aqua regia according to directions 
given under Ores and Platinum Scrap. It is sometimes very diffi- 
cult to precipitate all of the platinum in the presence of a large 
amount of iron, magnesium, etc., not having the solution concentrated 
enough for the platinum. It is advisable to reduce the platinum by 
iron or zinc, filter, wash with water and redissolvc the black metallic 
platinum in aqua regia. The HNO3 is expelled by evaporation, adding 
concentrated HCl from time to time. Finally the platinum is pre- 
cipitated with ammonium chloride. 

Separations 

A careful review of the paragraph on Detection will be very help- 
ful oftentimes in making separations from other metals and sub- 
stances. 

Separation of Platinum from^ Gold. — The platinum is precipi- 
tated first with ammonium chloride, as (NH4)2PtCl6. After the pre- 
cipitate has settled it is filtered and washed free from gold with 20% 
ammonium chloride solution ai^l alcohol. The gold is precipitated 
as metallic gold by a concentrated solution of ferrous sulphate or iron 
protochloride. 
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Oxalic acid precipitates the gold, leaving the platinum in solu- 
tion. The oxalic acid is added and the solution heated until the gold is 
entirely precipitated. The precipitate of metallic gold free from platinum 
is filtered olT and washed. The liltrale is cvaporat(‘d as far as possible 
without crystallizing, and tlic idatiimm is precipitated with am- 
monium chloride as (NH4)2PtCl,i, or it may l)(‘, reduced with zinc 
and then dissolved in aqua regia and treated as described above. 

Separation of Platinum from Iridium. — The platinum and the 
iridium are precipitated by iron or zinc and the black residue is 
washed free from impurities and the platinum is dissolved in dilute 
aqua regia with gentle heating, leaving the iridium as metallic irid- 
ium. The platinum solution is evaporated as described above as pre- 
cipitated with NH4CI as (NH4)2PtCl6. 

If the platinum and iridium are precipitated together, the salt is 
fdtered and washed with ammonium chloride solution and finally ig- 
nited. The sponge is redissolvcd and evaporated as above to expel the 
HNO3. The platinum and the iridium are precipitated with NaOH, 
which brings, down the platinum and iridium as Pt(OH)4 and 
Ir(OII)4. The mixture is boiled with alcohol, which reduces the Ir(OH)4 
to Ir(OH)3, but does not affect the Pt(OH)4. The hydroxides are 
dissolved in HCl, forming PtCU and IrCL in solution, and the plati- 
num is precipitated with NH4CI free from iridium. 

Separation of Platinum from Palladium. — The platinum and the 
palladium are reduced with zinc and the black residue treated with 
HNO3. The palladium goes into solution, leaving the platinum as 
a black metallic residue. 

The black residue of platinum and palladium can be dissolved in 
aqua regia and the solution evaporated with additions of HCl to get 
rid of the nitric acid. The platinum is precipitated with NlHCl and 
filtered. The filter is washed free from palladium. 

Separation of Platinum from Ruthenium. — From the cliloride of 
platinum and ruthenium the metals are precipitated with ammonium 
or potassium chloride and filtered. The filter is washed with dilute 
ammonium chloride solution or dilute potassium chloride solution and 
alcohol until free from ruthenium. If a large quantity is handled it 
may be necessary to ignite to platinum sponge, dissolve in aqua regia, 
expel the HNO3 as described above, and re precipitate with NH4CI, 
filter and wash free from ruthenium. 

Separation of Platinum from Rhodium. — The rhodium salt, 
like the ruthenium salt, is soluble and can be washed from the plati- 
num salt, (N^4)2PtCl6, as under Separation of Pt from Ru. 

Separation of Platinum from Osmium. — Both metals are reduced 
with zinc as a fine black powder. *The metallic residue is washed and 
carefully ignited at a high temperature under a hood, as the fumes 
are poisonous and disagreeable like chlorine. The osmium will be 
converted into 0s02 and OSO4, which are very volatile. The residue is 
dissolved in aqua regia and the platinufn is precipitated with NH4CI. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION 
OF PLATINUM 


A. WEIGHING AS METALLIC PLATINUM 

1. When the platinum contains only a small amount of impuri-l 
ties a sample of 0.1 gram or more is taken and dissolved in aqua regia.i 
The solution is gently heated until all is dissolved, adding another' 
portion of aqua regia if necessary. The solution is evaporated, add- 
ing HCl from time to time in order to expel the HNO3. After filtering, 
the solution is evaporated again and platinum precipitated with am- 
monium chloride. After stirring, the precipitate, (NH 4 ) 2 PtCl 6 , is 
allowed to settle, overnight if convenient, then filtered, washed with 
alcohol or ammonium chloride solution and alcohol, ignited to metal 
which will be in the form of metallic sponge, cooled in a desiccator 
and weighed as metallic platinum. 


Wt. of Pt found 
Wt. of sample taken 


X 100 - per cent of Pt in the material. 


2. When the platinum solution contains a large amount of im- 
purities, as iron, nickel, magnesium, etc., it is advisable to reduce the 
platinum to black metallic platinum with zinc, iron or magnesium 
as follows: The solution is made acid (2 to 5% free HC’l) by add- 
ing HCl. The Zn, Fe or Mg is added in small quantities at a time 
until the solution becomes colorless or until the platinum is completely 
precipitated.^ After action has ceased the platinum black metal is 
filtered on an ashless filter paper and washed with warm dilute 
HCl to remove any excess Zn, Fe, or Mg that might be present. 
The filter and its contents are carefully ignited and afterwards dis- 
solved in aqua regia and treated as directed under A, 1. 

3. If none of the other Hydrogen Sulphide Group metals are 
present the platinum can be precipitated by hydrogen sulphide, 
filtered, washed with hot water and ignited to metal. If impurities 
are present in the sulphide, it is dissolved in aqua regia and procedure 
A, 1 followed. 

^ If iron and lead are suspected, the platinum residue is washed with 10 % 
solution of ammonium chloride and then with 10% solution of ammonium 
acetate and finally with 80% alcohol. 
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B. WEIGHING AS A SALT 


1. The procedure is the same as under A. The (NH 4 ) 2 PtCl 6 pre- 
cipitate is washed on a weighed Gooch crucible with alcohol. The 
crucible and contents are dried at a temperature below 100°C., cooled 
in a desiccator and weighed as {NH 4 ) 2 PtCl 6 . 


Wt.of (NH4)2PtClJoundX 


Mol. wt. of Pt 100 

Mol. wt. of (NHOjTtCU ^ Wt. of .sample 
= per cent of Pt in material. 


Factor (NIJ.JaPtCb to Pt= 0.4393. 


2. After proceeding as described under A, the platinum is pre- 
cipitated with potassium chloride as KzPtCU, transferred to a weighed 
Gooch crucible and washed well with alcohol, then dried below 100*^0., 
cooled in a desiccator and weighed as K 2 PtCl 6 . 


Wt. of K 2 PKJI 6 found X 


Mol, wt. of P t 100 

Mol. wt. of KaPtClfi^Wt. of saTnj)lc 

= per cent of Pt in material. 


Factor KaPtCb to Pt= 0.4013. 


C. DETERMINATION OF PLATINUM BY ELECTRO-ANALYSIS 


When platinum solutions are acidulated with sulphuric acid and 
acted upon by a feeble current tliey give up the metal as a bright 
deposit upon the electrode. If platinum is used as the electrode, 
first coat it with a layer of copper and deposit the platinum upon the 
copper. Wash with water and alcohol and after drying weigh. 

Wt. of electrode + Cu + Pt - Wt. of electrode + Cu = Wt, of Pt. 


Wt. of Pt 


Wt. of sample taken 


X 100 - per cent of Pt in material. 


Dr. E. F. Smith, in his work on “ Electro-Analysis ” recommends 
that the KaPtCU be dissolved in water and slightly acidulated with 
H 2 SO 4 (2 or 3% by vol) and after heating to about 60 to 65® C and 
electrolyzing with N.D.ioo = .05 ampere and 1.2 volts, the platinum 
will be completely precipitated in from four to five hours in a per- 
fectly adherent form. A rotating^ anode will precipitate the platinum 
much quicker. 
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INDUSTRIAL PRODUCTS AND RAW MATERIALS 

Assay Methods of Platinum Ores, etc. 

Take from 10 to 30 grams of the material and i)lace in a 2^- or 
3 in. scorifier with about 20 to 30 grams of test lead and cover with 
litharge. Fuse in a muffle for a half hour. When cool clean the lend 
button thoroughlj'' and dissolve the lead with dilute nitric acid (1:5). 
When the lead is dissolved, filter, and wash the residue with hot watifer 
till free from lead. Dry the filter and transfer the bulk of the residue 
to a small glass beaker. Burn the filter, and add tlie ash to the main 
residue. This is treated with dilute aejua regia to remove any gold, 
platinum, etc., that may be jiresent. l^illcr and wash thoroughly 
with hot water and ignite at a low temperature for a short time only, 
as osmium will volatilize. Weigh as osmiridium. (See Ir and Os.) 

Take another portion of 10 to 30 grams of the material and treat 
with aqua regia two or three times. This will bring the nlatiiium and 
the alloys (except osmiridium) into solution. After filtering make 
up the volume to 500 to 1000 cc., depending on the amount of plati- 
num present. Take two or three portions of 25 to 50 cc. of the so- 
lution and evai)orate nearly to dryness with additions of HCl to get 
rid of the IINO3. Take up with a small amount of water and add 
ammonium chloride. Digc'st on the vater bath and let cool overnight 
if convenient. Filter on an ashless filter and wash with dilute 
ammonium chloride solution and alcohol. Ignite cautiously and weigh 
as platinum and iritlium sponge. For the determination of iridium 
see under Iridium. 

The filtrate from the platinum precij)itation is treated with ferrous 
sulphate to precipitate i.he gold. Digest and filter out the gold. 
Ignite and alloy with silver and ])art for gold. 

In the filtrate from the gold preci])itation the palladium and 
rhodium arc treated with zinc and HGI until the solution is colorless. 
Filter, wash well with hot water and dilute HCl. 

Ignite, reduce in hydrogen, cool and weigh as Pd and Rh. Treat 
with HNO3. Filter, wash well, ignite and reduce in hydrogen, cool 
and weigh as metallic rhodium. The difference is j^alladium. Sec 
alternate method described under palladium. 

Determination of Platinum and Palladium in Refined Silver 

Weigh out a 1000 gram sample and dissolve it with dilute nitric 
acid. Filter off the gold and any undissolved platinum, and then 
separate the gold from the platinum as described under “ Gold Bar/’ 
and add the solution to the maii\ filtrate. Dilute the filtrate from 
the gold residue, so that there will be 10 grams of silver per liter of 
solution, and then add a slight excess of hydrochloric acid to pre- 
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cipitate all the silver. Stir well arui let it settle, necaiit the clear 
solution and wash the precipitate on a Huehner funnel with cold 
water. Evaporate the filtrate to a small volume. Noav mix the 
silver chloride with about ten times its weight of soda ash (which 
contains a small amount of corn starch) and dry. l^lace the mass in 
30-gram crucibles, and fuse for about 30 minutes. Pour iji molds. 
When cool, hammer off excess of slag, and finally boil with hydro- 
chloric acid to clean the silver buttons. Then dissolve with dilute 
nitric acid and precipitate silver as silver chloride, separating it from 
platinum. Another silver chloride precipitation will be necessary to 
separate all platinum and palladium from the silver. 

Combine all filtrates and evaporate to dryness on steam plate. 
Take up with a few cc. of hydrochloric acid and water, filter off the 
silver chloride and wash with cold water. Tliis small amount of silver 
chloride carries down considerable platinum and palladium. There- 
fore place the filter {lapcr with the silver chloride in a 3 inch scorifier, 
dry, add 40 grams of test lead and a pinch of borax and scorify. 
Then cupel the lead button. Dissolve the silver buttons with dilute 
nitric acid and reprccipitate silver with hydrochloric acid. Finally 
when the pure white color of the silver chloride, indicates that it is 
free from platinum and palladium, evaporate the filtrate to dryness 
on steam plate. Take up with 16 cc. of hydrochloric acid and 4 cc. 
of water. Boil for a minute, filter, and precipitate platinum and 
palladium. See method in refined gold. 

Copper Anode Slimes. — Take a 1000 gram sample. Weigh out 
3 gram portions into 3 inch scorifiers and mix each with 40 grams of 
test lead and a pinch of borax and litharge. Scorify and cupel. 
Dissolve silver buttons with dilute nitric acid, and proceed as described 
above. 

Determination of Platinum and Palladium in Refined Gold ^ 

The sample may be in the shape of drillings, but from a bar it is 
easier to roll the gold into a tliin ribbon. 

Fifty grams ^ of gold sample is sufficient for gold which has been 
parted with sulphuric and nitric acids. 

Dissolve sample in a 1500 cc. beaker with 50 cc. of nitric acid 
(1.42) and 150 cc. of hydrochloric acid (1.19) using no water. Heating 
is not necessary. After complete solution of the sample, evaporate 
solution to a syrup of about 40 cc. volume, taking care not to evap- 
orate too far^ otherwise, some gold will become reduced and separate 
out; add 100 cc. of hydrocliloric acid and re-evaporate the solution 
to syrup, repeating this operation four times in order to remove all 
nitric acid. 

^ Contributed by S. Skowronski, Chief Chemist, Raritan Copper Works, 
Perth Amboy, N. J. 

* For gold which has been electrolytically refined by the Wohwill process, 
100 grams of gold should be taken as a salnple doubling the* quantity of acid 
necessary for tlie solution. 
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After the last evaporation, dilute with hot water, boil, add about 
50 cc. of hydrochloric acid (1.19) to clear up solution: volume of solution 
should be about 500 cc. 

To the boiling solution * gradually add a mixture of 50 grams of 
ammonium oxalate and 50 grams of oxalic acid, which should precipitate 
all the gold, but should there be any doubt add more of the mixture 
of the salts. Dilute the solution to about 1000 cc. in volume aqd 
allow to settle in a warm' place overnight. \ 

Filter off the gold, washing by decantation into a 1500 cc. beaken 
For extreme accuracy, this gold may be redissolved, re-evaporateq 
and reprecii)itated, this time with sulphur dioxide gas. This is more' 
of a precautionary measure, for as a rule, no platinum or palladium 
will be found with the gold. 

To the solution from the gold add 5 grams of 30 mesh C.P. zinc. 
This precipitates any gold left in the solution along with the silver, 
platinum, palladium, tellurium, copper, etc. 

Filter as soon as precipitation is complete and wash by decantation 
keeping as much of the precipitate in the beaker as pog^sible. Ignite 
filter paper and transfer residue and precipitate to a 250 cc. beaker, 
dissolve in 10 cc. of aqua regia and after complete solution, add 5 cc. 
sulphuric acid (1.84), evaporate to fumes of SO3 and fume well,*-' cool, 
dilute to 100 cc., bring solution to boiling and add 1 drop of hydro- 
chloric acid to precipitate the silver, filter in a 400 cc. beaker, dilute 
filtrate to 200 cc. volume, add 5 cc. of hydrochloric acid (1.19), and 
precipitate palladium with .5 gram of di-methyl glyoxime dissolved 
in 50 cc. of boiling water.® 

Palladium di-methyl glyoxime, canary yellow in color, which pos- 
sesses the same physical characteristics as the corresponding nickel 
salt, at once separates out. Allow to settle in a warm place for 
about five minutes. Filter in a Gooch crucible, wash with hot water, 
dry at 110° C. and weigh. Factor .3168. 

To the filtrate from the palladium add 2 grams of 30 mesh C.P. 
zinc, which precipitates the platinum. Filter. Ignite precipitate and 
dissolve in aqua regia. Remove nitric acid by three evaporations 

* Sulphur dioxide gaa is not recommended for the precipitation of gold, as 
gold bullions contain a trace of tellurium, and in the presence of tellurium, 
p^ladium is precipitated as a telluride by sulphur dioxide gas. The gold pre- 
cipitated with oxalic acid is free from palladium telKupide and therefore may be 
repre(^itated with sulphur dioxide gas if a reprccipitation is thought necessary. 

® Tne platinum and palladium after solution in aqua regia, and addition of 
sulphuric acid, should be well fumed, in order to reduce any gold remaining in 
the solution to the metallic condition, it is very essential that all the gold be 
removed at this stage, otherwise it is liable to contaminate the palladium di- 
methyl dyoxime. * 

^ PaUadium is best precipitated with di-methyl glyoxime in a 3-5 7o acid 
solution ; gold if present will be reduced to the metalhc condition and ^ould 
be removed beforehand. Alcohol is not recommended as the solvent for the 
di-methyl glyoxime, as it slows up the ‘precipitation of the palladium. A hot 
water solution works quicker^ and should be filtered to remove insoluble matter 
before addition to the palladium solution. 



METALLURGICAL ANALYSIS 459 

with hydrochloric acid (1.19), taking care not to evaporate solution 
to dryness.' After the last evaporation, take up with not more than 
10 cc. of water, and a few drops of hydrochloric acid. If necessary, 
filter, keeping volume at 10 cc. Add 2 grams of ammonium chloride, 
stir well, add 10 cc. of alcohol, and let stand one hour with an occa- 
sional stirring. 

Filter off ammonium chlor-platinate in small Gooch crucible and 
ignite to platinum in the usual manner.^ 

^ Any solutions containmg platinum should never be evaporated to dryness, 
as platinum is easily reduced in baking to the “platinous” condition which is 
not precipitated with ammonium chloride. 

2 The author is indebted to Mr. U. E. Hickman, chief chemist, T. Bishop 
and Co. Platinum Works, and Dr, S. Skowronski, chief chemist, Raritan Cop- 
per Works, for material appearing in this chapter. 
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POTASSroM, SODIUM AND OTHER ALKALIES 

! 

The estimation of potassium and sodium is required in the analylsis 
of rocks, clays, soils, ashes of plants, waters, brines, saline deposits, 
salts of the alkalies, many technical products, and in other cases. Tiie 
determination of potassium is of special importance in the analysis t^f 
fertilizers. The estimation of lithium is desired in the analysis of 
lithium minerals, frequently in mineral waters, occasionally in rocks;, 
and in certain other special cases. The estimation of rubidium and 
caesium is seldom required. 


POTASSIUM 

Potassium, K, at.vrt. 39.10; sp.gr. 0.876; m.p. 62.6'"; b.p. 767, S'" C.; 
oxides K 2 O, K 2 O 4 . 

OCCTORENCE 

Potassium is found in nature only in the combined state. The 
chloride and the sulphate occur in sea water. Large deposits of 
potassium chloride and sulphate are found generally above rock salt 
in Galicia and North Germany, notably in Strassfurt. Layers of these 
deposits are found twenty to thirty feet in thickness. 

Potassium occurs in the plant and animal kingdoms. It is a 
necessary constituent in soils for plant grow^th and hence is frequently 
applied to soils in form of fertilizers. 

Minerals. — Carnallite, KCl.MgCl2.6n2O; kainite, MgS04.KCl. 
3H2O; sylvite, KCl; Nitre, potassium nitrate “saltpeter," KNOa. 

Detection of Potassium 

For the detection of potassium in insoluble compounds, bring the 
sample into solution by one of the methods given under Preparation 
and Solution of Sample. In other cases, prepare a strong solution 
of the material to be tested. Where only very small amounts of 
potassium are present, remove all the constituents from* the solution 
except the chlorides of magnesium and the alkalies as directed under 
Separations. In the presence of considerable amounts of potassium, 
small quantities of other constituents will not materially interfere 
with the flame and spectroscopic tests. After acidifying with hydro- 
chloric acid, bring a drop of the solution to be tested into the non- 
luminous flame by means of a* platinum wire and observe the color 
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produced through a Merwin color screen.^ In tlie presence of po- 
tassium, a distinct reddish- violet coloration will bo apparent. This 
must not be confused with the color caused by large amounts of 
sodium, which appear bluish-violet through the screen. C\mii)arison 
with the coloration produced by pure salts is advisable. If necessary, 
confirm the results by examining the flame in the si)ectroscope. In 
the presence of a moderate amount of a volatile potassium comi)ound, 
a bright red line will be readily seen in the red portion of the spectrum, 
and a less distinct violet line will be visible far out in the violet rays. 

Potas.sium may be identified by precipitation as cobaltic nitrite. 
For this purpose place a small quantity of the solution to be examined 
in a test tube, acidify slightly with acetic acid, add about an equal 
quantity of the sodium nitrite solution, prepared by dissolving 125 
grams of sodium nitrite (NaNO-i) in 250 cubic centimeters of distilled 
water, and about half as much of cobalt nitrate solution, prepared by 
dissolving 25 grams of cobalt nitrate (CoCNOjOa-OlleO) in 100 cubic 
centimeters of distilled water and adding 50 cubic centimeters of 
concentrated^ (glacial) acetic acid. Mix and allow the mixture to 
stand until effervescence ceases and the cherry-red solution is trans- 
parent. If an appreciable amount of potash is present a yellow pre- 
cipitate will have settled to the bottom of the test tube. By com- 
paring the volume of the precipitate with that j)roduced when a 
known (piantity of potassium chloride is used, an i(lea of the amount 
of potash present cun be obtained. Ammonium salts i)roduce a 
similar precipitate. 

Potassium chloroplatinate, perchlorate, acid tartrate, picrate, silico- 
fluoride, and phospho-tungstatc are all sparingly soluble in water 
while the corresponding sodium salts are readily soluble. Precipita- 
tion of these compounds from solution may be used in the identifi- 
cation of potassium. 

Silicate rocks and minerals may be tested for potash by mixing 
the finely powdered material with an equal quantity of pure calcium 
carbonate, moistening with hydrochloric acid, and examining a small 
amount of the wet mixture on a platinum loop in the flame. 


Detection of Alkali Hydroxides and Carbonates 

Test for Hydroxide. — Dissolve a small amount of the material in 
water, that is free from carbonic acid (CO 2 ) and add barium chloride 
solution in s^ch amount that the BaCL will be about five times the 
weight of the sample taken. Filter and add phenolphthalein indicator 
to the filtrate. A pink or reddish color indicates hydroxide in the 
sample. 

^ The Merwin color screens are menufactured and sold by G. M. Flint, 
84 Wendell Street, C^ambridge, Mass., at 25 cents apiece, and are far superior 
to the ordinary cobalt glass. 
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Test for alkali carbonates, bicarbonates or hydroxides in mix- 
tures. — A. Dissolve about one gram of the material in CO 2 free 
water. ' Add phenoljdithalein indicator and titrate with N/lO acid 
until the color is just destroyed. Note the exact number of cc. of 
the acid required, and record this as “ A.” 

B. To the solution obtained by titration in “ A " add methyl 
orange indicator and continue the titration with the standard acfd 
until a yellowish red color is obtained. Note the exact number of c 
of the acid required and record this as “ B.” 

If “ A ” = “ B ” only NaaUOa is present. 

If “ A titration end-point is acid also to methyl orange, i.e. i£ 
a drop or so of the acid changes the yellow to yellowish-red color\ 
in the titration following ‘‘ A ” then only NaOH is present. 

If “ A is greater than “ B ” then NaOH and Na 2 C 03 are present. 

If “ A ” is less than “ B ” then NaiCOs and NaHCOs are present. 

Preparation and Solution of Sample 

Procedure for Rocks and Other Insoluble Mineral 'Products. — 

For silicate rocks and other silicious material, bring the alkalies into 
solution, according to the J. Lawrence Smith or the hydrofluoric 
acid method, as directed on pages 473 and 475. In the case of alunite 
.prepare the solution as directed on page 475. For products which 
are dissolved by hydrochloric acid, effect the solution by acid digestion, 
expel the excess of acid by evaporation, and remove other consitutents 
as directed under Separations. 

Procedure for Soils. — Digest 10 grams of moisture-free soil with 
100 cc. of hydrochloric acid of a constant boiling-point (sp.gr. 1.115) 
in a 300 cc. Krlenmcyer flask fitted with a ground-glass or rubber 
Stopper and a reflux condenser. Digest continuously for ten hours 
on the steam bath, shaking the flask every hour. After settling, decant 
the solution into a porcelain dish. Wash the insoluble residue onto a 
filter with hot water, and continue the washing until free from chlo- 
rides, adding the washings to the original solution for evaporation. 
Oxidize the organic matter present in the solution with a few drops 
of nitric acid and evaporate to dryness on a water bath. Moisten 
with hydrochloric acid and dissolve in hot water and evaporate a 
second time to complete dryness and until the excess of hydrochloric 
acid is completely removed. Moisten the cooled rejsidue with strong 
hydrochloric acid and dissolve in hot water. Filter into a 250-cc. 
graduated flask, wash free from chlorides, and dilute to the mark. 
Use an aliquot of 100 cc. for the determination of the alkalies. 

Procedure for Fertilizers. — Potash salts. — Boil 10 grams of the 
sample with 300 cc. of water for thirty minutes, wash into a 500 cc. 
graduated flask, cool, dilute to the mark, mix and pass through a 
dry filter. Determine the potassium in a 25 cc. aliquot representing 
0.5 gram of the original substance, according to either the modified 
chloroplatinate or the Lindo-Gladding method. 
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Mixed fertilizers, — Boil 30 grams of the sample with 300 cc. of 
water for thirty minutes, and wash into a 500 cc. graduated flask. 
Add to the hot solution a slight excess of ammonia and sufficient 
ammonium oxalate to precipitate all the lime, cool, dilute to the mark, 
mix, and pass through a dry filter. Evaporate 50 cc. of the filtrate to 
dryness and ignite gently to remove ammonium salts. Dissolve in 
water, filter, and determine the potassium according to the modified 
chloroplatinate or the Lindo-Gladding method. 

Organic compounds. — When it is desired to determine the total 
potash in organic substances such as cottonseed meal, tobacco stems, 
etc., saturate 10 grams with strong sulphuric acid, and ignite in a 
muffle at low red heat to destroy organic matter. Add a little strong 
hydrochloric acid, warm slightly to loosen the mass from the dish, 
dissf)lve in water, filter, and determine the potassium according to 
the modified chloroplatinate or the Lindo-Gladding method. 

If for any reason it is desired to use either the chloroplatinate or 
the perchlorate method in the determination of potassium, interfering 
substances, including sulphates, must first be removed from the 
solution. 

Procedure for Ashes of Plants. — Boil 20 grams of the sample 
with 300 cc, of water for thirty minutes, filter into a 500 cc. flask, 
and wash the residue thoroughly with hot water. Cool, dilute to the 
mark and mix. Take aliquots for the determination of the alkalies. 
The solution may also be prepared by digestion with hydrochloric 
acid. 

Procedure for Saline Residues, Soluble Salts, Brines, etc. — In the 

case of water-soluble products, a sample should be taken sufficient 
to give about a half gram of solids. Strong brines should be weighed 
and not measured. 

Separation of the Alkali Metals from other Constituents 

Separation from the Hydrogen Sulphide and Ammonium Sulphide 
Groups of Metals. — The alkali metals are usually weighed as chlo- 
rides or sulphates, and in general before undertaking their determina- 
tion all other bases and acids must first be separated from them. 
The hydrogen sulphide and the ammonium suli)hide groups of metals 
are seldom to be found in solutions in which the determination of the 
alkalies is desired. If these are present, however, they may be readily 
precipitated by means of hydrogen sulphide and ammonium sulphide. 

Separation from Silica. — Acidify the solution with hydrochloric 
acid and eva*porate it in a platinum or porcelain dish on the water 
bath until the odor of hydrochloric acid in the dry residue can no 
longer be detected. Break up the dry mass with a platinum or glass 
rod, cool, moisten with a minimum amount of concentrated hydro- 
chloric acid, dissolve in a small quantity of water, filter and wash 
the residue free from chlorides. In the presence of much silica, re- 
peat the operation. 
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Separation from Iron, Aluminum, Chromium, Titanium, Uranium, 
Phosphoric Acid, etc. — If phosphoric acid is present in amounts 
insufficient to combine with all the iron, aluminum, etc., or is absent 
altogether, heat the solution to boiling, add a few drops of nitric; 
acid to oxidize the iron, add gradually an excess of ammonia, boil 
for a minute or so, allow the precipitate to settle, and filter. Wash 
the precipitate free from chlorides with hot water. i 

If phosphoric acid is present in the solution in excess of that'i re- 
quired to combine with the iron, aluminum, etc., heat the soiution\ to 
boiling, oxidize with nitric acid, add a slight excess of ferric chlor^e 
solution, and precipitate with ammonia as described above. ' 

Wlien the precipitate is considerable, it should be dissolved In 
hydrochloric acid, and the precipitation repeated. 

If chromates arc present, these must first be reduced to the cliro- 
mic salt. For tliis purpose, add 10 to 15 cc. of hydrochloric acid and 
a small amount of alcohol to the solution and heat on the water bath 
or hot plate for a few minutes. Heal to boiling and precipitate Avith 
ammonia as directed above. The reduction may also be done by 
boiling with sulphurous acid. 

Separation from Sulphates. — Precipitate the sulphate radi(;al as 
BaS 04 by the addition of a slight excess of barium chloride to the hot 
solution as directed on page 542 for the determination of SO 4 . Remove 
the excess of barium chloride by addition of ammonia and ammonium 
carbonate. 

Separation from Barium, Calcium and Strontium. — To the not 

too concentrated solution, add a slight excess of ammonia and am- 
monium carbonate, heat to boiling, allow the precipitate to settle, 
filter and wash the residue a few times with hot water. Dissolve 
the precipitate, which is likely to contain small amounts of the alkalies, 
in a little dilute hydrochloric a(;id, and repeat tlie precipitation with 
ammonia and ammonium carbonate. Filter and wash the residue. 
Evaporate the combined filtrates to dryness in a platinum or porce- 
lain dish and ignite cautiously at a very faint red heat to remove 
ammonium .salts. Dissolve the residue in a little water, add a few 
drops of ammonia, ammonium carbonate, and ammonium oxalate, 
and allow to stand for several hours in order to precipitate the last 
traces of the alkaline earths. Filter and w'ash the residue free from 
chlorides. 

Separation from Iron, Aluminum, Chrominum, Barium, Calci\im, 
Strontium, Phosphates, Sulphates, etc., in One Operation. — To the 

hot solution add a slight excess of barium chloride and .boil for a few 
minutes. Then, without filtering off the BaS 04 , add an excess of 
ammonia and ammonium carbonate, heat to boiling, and allow the 
precipitate to settle. Filter and wash free from chlorides with hot 
water. After evaporating the filtrate to dryness, removing the am- 
monium salts by ignition, and dissolving the residue in a little water, 
precipitate the last traces of «barium and calcium by addition of a 
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few drops of ammoniii, ammonium carbonate, and ammonium oxalate. 
By this procedure a small portion of the alkalies is retained by the 
precipitate and lost. 

Separation from Boric Acid. — Acidify the solution strongly with 
hydrochloric acid and evaporate to .dryness. Stir up the residue with 
15 to 20 cc. of pure methyl alcohol and cautiously cva])orate on a 
water bath at not too high a temi)eraturo. Moisten the residue with a 
drop or two of concentrated hydrochloric acid, add 15 cc. of methyl 
alcohol, and again take to dryness. Repeat the evaporation with methyl 
alcohol a third time. This sliould be ample for the complete removal 
of half a gram of B 2 O 3 . 

Separation from Magnesium 

The Barium Hydroxide Method. — Evaporate the solution, which 
may contain chlorides, sulphates or nitrates, to dryness and gently 
igiiiU* t(j remove aminoniiim salts. Warm the residue with a small 
amount of water and treat the hot neutral solution so obtained with 
baryta water until no more precipitate is formed and barium hydroxide 
remains in slight excess. Boil, filter and wash the precipitate with 
hot water. If desired, determine the magnesium in the residue. 
Treat the filtrate, which contains the alkalies, barium and a trace of 
magnesium, with an excess of ammonia and ammonium carbonate to 
remove the barium. Acidify the filtrate with hydrochloric acid and 
evaporate to dryness, ignite and weigh. 1 'liis residue will contain a 
small amount of magnesium which may be determined in an aliquot 
and a correction a{)plied. 

Remark. — The barium liydroxide method is applicable in the 
presence of lithium. 

The Ammonium Phosphate Method. — To the hot solution, add 
an excess of ammonia and ammonium chloride, and precipitate the 
magnesium by adding a slight excess of ammonium phosphate. Allow 
the mixture to stand an hour or so, filter and wash the residue with 
2 % ammonia solution. Expel most of the free ammonia from the 
filtrate by evaporation, acidify very slightly with hydrochloric acid, 
and add an excess of ferric chloride solution, which should color the 
solution slightly yellow^ Neutralize the solution with ammonium 
carbonate, heat to boiling, and filter off the basic ferric phosphate, 
washing the residue with hot water. Evaporate the filtrate to dryness, 
ignite to expel ammonium salts, and determine the alkalies in the 
residue. Magnesium may also be separated by precipitation as mag- 
nesium ammonium arsenate or magnesium ammonium carbonate. 
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Separation of the Alkali Metals from One Another 

Separation of Sodium from Potassium. — After weighing the 
sodium and potassium together as chlorhles, dissolve the residue in 
water and precipitate the potassium as chloroplatinate or perchlorate 
according to one of the methods detailed under Determinatioi^ of 
Potassium. ^ 

Separation of Lithium from Sodium and Potassium. — Extnact 
the dry chlorides with amyl alcohol as prescribed under the Goich 
method, or with alcohol saturated with hydrochloric acid gas as Re- 
tailed under tlie Rarnrnelsberg method. \ 

Separation of Lithium and Sodium from Potassium, Rubidiurd, 
and Caesium. — Precipitate the potassium, rubidium, and caesium 
as chloroplatinates as described under the chloroplatinate method for 
the estimation of potassium. Evaporate the filtrate to dryness and 
ignite gently with a little oxalic acid to reduce the platinum, or else 
dissolve the residue in water and pass a current of hydrogen through 
the hot solution to reduce the idatinum. In any case, filter off the 
reduced platinum and determine lithium and sodium in the filtrate. 
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METHODS FOR DETERMINATION OF POTASSIUM 

THE MODIFIED CHLOROPLATINATE METHOD ^ 

Application. — The method is applicable in the presence of chlo- 
rides, sulphates, phosphates, nitrates, carbonates, borates and silicates, 
salts of sodium, barium, calcium, strontium, magnesium, iron and 
aluminum, and is especially suited for the estimation of potassium in 
salines, potassium salts, and fertilizers in which only the potassium 
is desired. 

Principle. — On evaporating a solution containing potassium with 
a slight excess of chloroplatinic acid, the potassium is completely 
transformed into potassium chloroplatinate which is insoluble in strong 
alcohol, while any of the other chloroplatinates which may be formed 
are either dissolved or decomposed by alcohol, so that the excess of 
chloroplatinic acid may be readily removed. After dissolving the 
K 2 PtCl 6 along with any other soluble salts contained in the residue 
in hot water,* the platinum is precipitated from the solution by mag- 
nesium, and from the weight of platinum so obtained, the amount of 
potassium present is calculated. 

Procedure. — To the solution slightly acidified with hydrochloric 
acid, add chloroplatinic acid solution slightly in excess of that nec- 
essary for the complete precipitation of the potassium present and 
evaporate the solution on the steam bath to a syrupy consistency, 
i.e., until solidification occurs on cooling. Flood the cooled residue 
with a small quantity of alcohol of at least 80% strength, grind 
thoroughly with a pestle made by enlarging the end of a glass rod, 
and allow to stand one-half hour. The alcoholic solution should be 
colored if an excess of chloroplatinic acid has been used. Pour the 
liquid through a small filter, using suction if desired, and before add- 
ing more alcohol, rub up the residue again with tlie pestle. Now 
continue the washing by decantation with small portions of alcohol 
until the wash liquid becomes colorless. Three or four washings 
usually suffice. Transfer the precipitate to the filter and wash two 
or three times with alcohol. 

Dissolve the precipitate of K 2 PtCl« along with any other soluble 
salts present in hot water, washing it through the filter into a beaker 
of convenient size. To the hot solution add about 4 cc. of concen- 
trated HCl and approximately 0.5 gram of magnesium ribbon pressed 
into theform^of a ball for every 0.1 gram of potassium pre.sent, stirring 
the solution and holding the magnesium at the bottom of the beaker 
by means of a glass rod. A lump^of stick magnesium weighing about 
0.4 gram is preferable to the ribbon. When the action has practically 
ceased, add a few cc. of hydrochloric acid and allow the fluocculent 
platinum to settle, preferably by •allowing the beaker to set for an 

^ Hicks, J. Ind. Eng. Chem., 5, 6.50, 1913. 
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hour on the hot plate. The supernatant liquid should be perfectly 
clear and limpid like water if reduction is complete. To make sure, 
add more magnesium, in which case the solution will darken if re- 
duction be incomplete. To the completely reduced solution, add con- 
centrated hydrochloric acid, and bod to dissolve any basic salts, filter 
on paper or a Gooch, wash thoroughly with hot water, ignite in platir^um 
or porcelain and weigh. j 

Pt X .4(K)() = K or X .4826 = KoO. 

Remarks. — If the solution contains very large amounts of ird|ii, 
aluminum, or silicon, it is pnderable to remove the greater part of these 
before proceeding to the det(‘rmination of potassium. C-are should 
be taken to insure the corni)let(‘ removal of the soluble chloroplati- 
nates from the residue without the use of an excessive amount of 
alcohol, and also that the subsequent reduction of the potassium 
chloroplatiiiate with magnesium be complete. 

THE CHLOROPLATINATE, LINDO-GLADDING METHOD i 

Application. — This method is ap])licable in the presence of chlo- 
rides, sult)hates, and phos[)hates of the alkalies and magnesium. 

Principle. — The ])otassium is precipitated as KaPtCde, and the 
soluble chloroplatinatcs removed by washing with 80% alcohol. The 
impurities in the precipitate arc then washed out by a strong solution 
of ammonium chloride saturated with KaPtCle, and the wash solution 
is removed by again washing with alcohol. The purified K^PtCle is 
finally dried and weighed. 

Procedure. — To the solution, slightly acidified with hydrochloric 
acid, add an excess of chloroplatinic acid solution, and evaporate on 
the water bath to a thick paste. IVcat the residue with 80% alcohol, 
avoiding the absorption of ammonia. Wash the precipitate thoroughly 
with 80% alcohol both by decantation and on the filter, continuing 
the washing after the filtrate is colorless. Wash finally with 10 cc. of 
ammonium chloride solution prepared as follows: Dissolve 100 grams 
of pure ammonium chloride in 500 cc. of water, add from 5 to 10 
grams of potassium chloroplatinate, and shake at intervals of six 
to eight hours. Allow the mixture to settle over night and filter. 
Repeat the washing with successive portions of the ammonium chlo- 
ride solution five or six times in order to remove the impurities from 
the precipitate. Wash again thoroughly with 80% alcohol, dry for 
thirty minutes at 100° C. and weigh as K 2 ptCl 6 . The precipitate 
should be perfectly soluble in water. Multiply the weight of KaPtCU 
by 0,161 to obtain the weight oi K by 0.194 to obtain KaO and 
by 0.307 to obtain KCl.^ 

' U.S. Dept. Agri., Bu. Chem. Bull. 107 (revised), 11, 1907. 

* Instead of using a Gooch crucible, the precipitate may be filtered on paper, 
dried, washed through the filter with hot water into a weighed platinum dish, 
evaporated to dryness, and heated kt 130"^ C. to constant weight. 
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THE PERCHLORATE METHOD » 

Application. — This method is applicable in the presence of chlo- 
rides and nitrates of barium, calcium, nuiKnesium and the alkali 
metals, and also in the presence of phosphates. Sulphates should not 
be present. 

Principle. — The separation depends on the insolubility of po- 
tassium perchlorate, and the solubility of sodium and other per- 
chlorates in 97% alcohol. 

Procedure. — To the neutral or slightly acidified solution, add 
twice as much perchloric acid as is required to convert all the bases 
present into perchlorates and evaporate on the water bath with 
stirring to a syrupy consistency. Add a little hot water and continue! 
the evaporation with (lonstant stirring until all the hydrochloric acid 
is expelled and licavy fumes of perchloric acid are given off. Avoid 
excessive loss of perchloric acid. Stir up the cooled mass thoroughly 
with 20 cc. of 97% alcohol to which 0.2% perchloric acid has been 
added, but avdid breaking up tlic potassium perchlorate crystals too 
finely or else they may pass through the filter. Allow the mixture to 
settle, and decant the alcohol off through a Gooch crucible. Repeat 
the washing once by decantation and then warm to remove the 
alcohol. Dissolve the residue in hot water, add about a half gram of 
perchloric acid and evaporate again until fumes of perchloric acid arc 
given off. Wash the residue once by decantation and then several 
times on the filter. Remove the adhering wash-liquid by washing 
with pure 97% alcohol, dry at 130° C., and weigh. Multiply the 
weight of KCIO4 by 0.2825 to obtain the weight of K by 0.3402 
to obtain K2O. 

1 Wense, Zeit. Angew. Chem., 691, 1891 ; 233, 1892. 
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SOPIUM 

Sodium, Na, at. wt. 23.00; sp.gr. 0.9736; m.p. 97.6°; b.p. 377.6° C.t 
oxides NasO, NaiOi. ' 

OCCUKltENCE 

Sodium occurs combined in nature, abundantly and widely 'dis- 
tributed. It occurs in enormous deposits as sodium chloride, “ rock 
salt,” and in solution in sea water, in certain inland lakes, and springs. 
It occurs as sodium nitrate, as Chili saltpeter, in great deposits of 
South America. It occurs as a borate. It is found in the plant and 
animal kingdoms. 

Minerals. — Halite, rock salt,” NaCl, is a vitreous, colorless 
white, yellow, brown or red (according to impurities,# transparent to 
translucent mineral, having a saline taste. Borax, Na2B4O7.10H2O, 
vitreous to dull, white, gray, bluish or greenish earthy mineral, with 
a mild though disagreeable alkaline taste. Cryolite, NasAlF^, a 
mineral with greasy to vitreous lustre, colorless to white, sometimes 
reddish or brown, transparent to translucent. Soda nitre, NaNOs 
** Chili saltpeter,” dull to vitreous lustre; white, colorless, gray or 
yellow; transparent to translucent, salty and cooling taste. Mirab- 
Hite, Glauber Salt, Na2SO4.10H2O. Natron, Na2CO3.10H2O. Trona, 
Na2CO3.HNaCO3.2H2O. 


DETECTION 

Sodium is usually identified by the color which it imparts to the 
flame or by means of the si>ectroscope. The solution is prepared as 
directed under Preparation and Solution of Sample, and is freed from 
all constituents other than the chlorides of magnesium and the alkalies 
according to the methods given under Separations. With exceedingly 
small amounts of sodium, it may be necessary to remove the mag- 
nesium also. After acidifying with hydrochloric acid, a drop of the 
solution is brought into the flame by means of a loop of platinum 
wire. In the presence of sodium, the flame assumes an intense yellow 
color, which is usually sufficient to identify the element. The results 
may be confirmed by examining the flame in the si)ectroscope, when 
the characteristic yellow sodium line will be prominent even in the 
presence of traces of sodium. As a matter of fact, the ever-presence. 
of the sodium line is a hindrance to the success of the method, but 
by observing the sudden change in the intensity of the line, little 
trouble will be experienced in detecting exceedingly small amounts 
of the metal. 
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Sodium may also be detected by precipitation as sodium pyroan- 
timonate, HsNa 2 Sb 207 .H 20 , from a sufficiently concentrated neutral 
or weakly alkaline solution by means of a solution of acid potassium 
pyroantimonate. The precipitate comes down in granular or crys- 
talline form, and its formation is hastened by rubbing the sides of 
the vessel with a glass rod. In making this test, magnesium must 
also be previously removed from the solution. 

In waters and soluble salts, it is usually sufficient to test directly the 
concentrated solution in the flame or spectroscope. 

Preparation of the Solution and Separations.— -See procedures under 
Potassium pages 462-466. 
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METHODS FOR DETERMINATION OF SODIUM 

DETERMINATION AS SODIUM CHLORIDE 

Sodium is commonly weighed *jis NaCl when it is already present 
as such or after conversion of other forms into the chloride. (In the 
case of salts of volatile acids, such as nitrates for instance, the\ trans- 
formation is made by evaporating the solution to dryness wiili hy- 
drochloric acid repeatedly or until only the chloride remains. When 
the sodium is present as a salt of a non-volatile acid, the latter is 
removed according to the methods under Separations. 

Usually the solution in which sodium chloride is to be determined 
will contain ammonium salts from some i)revious operation. In such 
cases, proceed as follows: Evaporate the sodium chloride solution, 
which must contain no other non-volatile substance, in a platinum 
dish to complete dryness on the water bath. Cover the dish with a 
watch-glass, and cauti(i’isl> dry the residue in an air bath at 110 to 
130° C. Make sure that no loss of sodium chloride fs sustained by 
decrepitation during drying and subsequent ignition. Heat the dish 
and contents over a free flame held in the hand and moved back and 
forth under the dish in order to remove ammonium salts. But to 
avoid loss of sodium chloride by volatilization, take care not to heat 
the dish to more than a faint redness in any one spot and not to 
raise the temperature of the salt above inciinent fusion. Cool the 
residue, dissolve it in a little water, and filter from the carbonaceous 
matter into a weighed platinum dish. Acidify the filtrate with hy- 
drochloric acid and evaporate it to dryness on the water bath. Dry 
the residue at 100 to 130° C. in an air bath, ignite cautiously over a 
free flame, taking the precautions mentioned above to prevent loss of 
sodium chloride, cool in a desiccator, and weigh. 

DETERMINATION AS SODIUM SULPHATE 

Sodium is often determined by weighing as Na 2 S 04 when it is 
present as such or after conversion of other forms into the sulphate. 
In the case of salts of volatile acids, the change into the sulphate is 
made by simply evaporating the solution with a slight excess of sul- 
phuric acid. With salts of non-volatile acids, the transformation is 
effected according to the methods under Separations. When the so- 
dium is present as an organic salt, the substance is moistened with 
concentrated sulphuric acid and carefully heated over a free flame 
until fumes cease to come off. Tfee residue is dissolved in water and 
filtered from the carbonaceous matter. 

As a rule the solution in which sodium sulphate is to be deter 
mined will contain an excess of sulphuric acid. In such cases, evapo- 
rate the solution to dryness in a weighed platinum dish, and cautiously 
ignite the dry residue until fumes cease to come off. Cool, add a 
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lump of ammonium carbonate to the contents of the dish, and ignite 
a second time at dull red heat until no more fumes are given off. 
Cool in a desiccator and weigh as Na>SOi. Repeat the ignition with 
the addition of ammonium carbonate until a constant weight is 
obtained. ^ 

In case an excess of sulphuric acid is not present, evaporate the 
solution to dryness in a weighed platinum dish, ignite, and weigh as 
Na2S04. 

Determination by Difference 

Ordinarily sodium and potassium are weighed together as chlorides 
or sulphates as detailed above for sodium. Potassium is then deter- 
mined. 

DETERMINATION OF THE ALKALIES IN SILICATES 
J. Lawrence Smith method^ 

Principle. By heating the substance with 1 part of ammonium 
chloride and 8 parts of calcium carbonate, and leaching the sintered mass 
with water, the alkalies arc obtained in solution in the form of chlo- 
rides along with some calcium, while the remaining metals are for 
the most part left behind as insoluble oxides, 
and the silica is changed to calcium silicate. 

Procedure. — Titrate 0.5 gram of the finely 
powdered mineral with an equal quantity of 
pure ammonium chloride in an agate mortar, 
add 3 grains of precipitated calcium car- 
bonate ^ and mix intimately with the former. 

Transfer the mixture to a platinum crucible 
(preferably the J. Lawrence Smith alkali cru- 
cible), rinse the mortar with 1 gram of cal- 
cium carbonate and add to the contents of 
the crucible. Place the covered crucible in a 
slightly inclined position with the top pro- 
tected from the heat of the flame. This 
can be done by setting the crucible in a 
hole in a cylinder of fire clay, as shown in 
Fig. 96. Gradually heat the crucible over Fig 96 

a small flame until no more ammonia is 

evolved, but avoid heating sufficiently to cause the evolution of 
ammonium chloride. This should require about fifteen minutes. 
Then raise the temperature until iQnally the lower three-fourths (and 
no more) of the crucible is brought to a red heat, and maintain this 

1 Am. J. Sci. (3), 1,269, 1871; Hillebrand, U.S. Geol. Survey Bull. 422, 171, 

2 Blank determinations should be run on the calcium carbonate, and cor- 
rections made for its alkali content. 
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temperature for one hour. Allow the crucible to cool and remove the 
sintered cake by gently tapping the inverted crucible. Should this 
not be possible, digest the mass a few minutes with water to soften 
the cake, and then wash it into a large porcelain or platinum dish. 
Heat the covered dish with 50 to 75 cc. of water for half an hour, 
reduce the large particles to a fine powder by rubbing with a pestle in 
the dish, and decant the clear solution through a filter. Washl the 
residue four times by decantation, transfer it to a filter, and wash 
with hot water until a few cc. of the washings give only a slight 
turbidity with silver nitrate. To make sure the decomposition of the 
mineral has been complete, treat the residue with hydrochloric acid. 
No trace of undecomposed mineral should remain undissolved. 

The aqueous extract obtained in the above operation contains the 
chlorides of calcium and the alkalies. To remove the calcium, treat 
the solution with ammonia and ammonium carbonate, heat to boiling, 
filter and wash the residue. As this precipitate invariably retains 
some alkali salts, it should be dissolved in hydrochloric acid and 
the precipitation repeated. Evaporate the filtrate .to dryness in 
a platinum or porcelain dish, and expel the ammonium salts by 
gentle ignition over a moving flame. After cooling, dissolve the 
residue in a little water, and add a few drops of ammonia and am- 
monium oxalate to remove the last trace of calcium. After standing 
several hours, filter off the calcium oxalate, receive the filtrate in a 
weighed platinum dish, evaporate to dryness and ignite gently to re- 
move ammonium salts. Moisten the cooled mass with hydrochloric 
acid to transform any carbonate into chloride, and again evaporate 
to dryness and ignite. Cool in a desiccator and weigh the combined 
chlorides. Dissolve in -water, and if an insoluble residue remains, 
filter off, weigh and deduct from the weight of the chlorides. Deter- 
mine the potassium by one of the methods already described, and 
obtain the value for sodium by difference. 
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THE HYDROFLUORIC ACID METHOD 

Procedure. — Weigh out a half-gram sample of the finely pow- 
dered mineral, place in a small platinum dish or a large platinum 
crucible, moisten with a few drops M water, and add about 10 cubic 
centimeters of hydrofluoric acid and about 2 cubic centimeters of 
dilute sulphuric acid. Hold the dish with the tongs and heat it 
and its contents cautiously over the free flame for a few minutes. 
Evaporate the solution on the steam bath to complete dryness, 
and during this evaporation agitate the solution occasionally by giving 
the dish a gyratory motion with the tongs. This treatment is nearly 
always sufficient to decompose the mineral, but if decomposition 
seems incomplete add more hydrofluoric acid and evaporate 
a second time, agitating the mixture frequently. With refractory 
silicates it may be desirable to digest the mineral with the acid 
mixture in a covered crucible for an hour or so. Heat the dish and 
its contents on a radiator' to expell the excess of hydrofluoric and 
sulphuric acids? Cover the residue with dilute hydrochloric acid and 
digest on a steam bath until solution is complete, adding more water 
and acid if necessary. Flakes of organic matter which remain undis- 
solved may be neglected. Remove the iron, aluminum, calcium, etc., 
by the methods described under ‘‘Separations.” Finally weigh the 
magnesium, sodium, and potassium as sulphates and determine the 
potassium according to the modified chloroplatinate or Lindo-Gladding 
method. An alternative procedure is to remove sulphates and mag- 
nesium also as described under “Separates,” weigh the alkalies as 
chlorides, and determine the potash by any of the methods already 
described. It should be noted however that potash is carried down 
with barium sulphate, and the loss thus occasioned may be appreciable. 

' Hillebrand, W.F.^ U.S. Geol, Survey Bull. 422, p. 31, 1901 (reprinted, 1916). 
A large porcelain crucible serves well as a radiator for this purpose. 
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LITHIUM 

Lithium, Li, at.wt. 8.94 : sp.gr. 0.634; m.p. 186°; b.p. >1400°C.; 
oxide LisO. 

OCCURRENCE 

Lithium is found combined in nature, widely distributed (put 
always in very small (juantities. It is found in mineral waters, in 
ashes of many plants, notably- tobacco and beet. 

Minerals. — Spodnmene, LiAl (8103)2, a mineral of vitreous to stony or 
dull lustre, grayish while, occasionally green or pink, brittle, transparent 
to opaque. (Ilardness 6.5-7.) LepidoliU'., KLi.Al (OH) oAlFs-Al (8103)3, 
pearly, pink or lilac, rarely violet, gray, yellowish or white, translucent 
mineral. Ainhlygomte, Li(AlF)P04, vitreous to dull lustra*; white or light 
tints, brittle, translucent to nearly opaque mineral with hardness of 6. 
Petalitc, LiAl (81205)2 Triphylitc, Li(Fe,Mii)P04. 

Detection of Lithium 

Bring tlio sample into solution as directed under Preparation and 
Solution of Sample, and sei)arate the alkali chlorides from other con- 
stituents according to the methods under Separations. Digest the 
dry chlorides with amyl alcohol or with a mixture of absolute alcohol 
and ether, filter, and evaporate the filtrate to dryness. Moisten the 
residue with dilute hydrochloric acid and examine it in the spectro- 
scope. A bright red band and a faint orange line make up the flame 
spectrum of lithium. These lie between the sodium line and the red 
potassium line and are easily recognized. 

Lithium salts impart a carmine-red color to the flame, which is 
obscured by sodium, and by large amounts of potassium. But by 
the proper use of a color screen, the lithium flame may be recognized 
in the presence of large amounts of sodium. 

Confirmation of the presence of lithium may be had by the forma- 
tion of the sparingly soluble lithium jdiosphate or lithium fluoride. 
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METHODS FOR DETERMINATION OF LITHIUM 
THE GOOCH METHOD ^ 

Principle. — Lithium chloride is teadily soluble in amyl alcohol, 
while sodium and potassium chlorides are not. 

Procedure. — Concentrate the solution as far as possible by evapo- 
ration, transfer it to a 50 cc. Erlenmeyer flask, add a small amount 
of amyl alcohol and heat cautiously on an asbestos j)late until the 
water has been expelled and the boiling-point of the solution rises to 
about that of pure amyl alcohol (132° C.). To prevent bumping 
during this treatment, pass a current of dry air through the solution. 
When all the water has been removed, the sodium and potassium 
chlorides, together with some LiOH, will separate from the solution. 
Decant the solution through a filter and wash the residue several 
times with hot amyl alcohol. Moisten the residue with dilute hy- 
drochloric acid, dissolve in a little water and repeat the extraction 
with amyl alcotiol. If much lithium chloride is present, it will be 
necessary to repeat the extraction with amyl alcohol three or four 
times. Evaporate the combined filtrates and washings to dryness 
and dissolve in a little dilute sulphuric acid. Filter from the carbona- 
ceous matter into a weighed platinum dish, evaporate to dryness, and 
remove the excess of sulphuric acid by gentle heating. Ignite the 
residue at dull redness, cool in a desiccator, and weigh as Li 2 S 04 . 

Remarks. — For very accurate work, account must be taken of 
the fact that the lithium sul[)hate obtained according to the procedure 
just described always contains small amounts of potassium and sodium 
sulphates, if thesc^ metals were originally present. To correct for this, 
deduct 0.00041 gram for every 10 cc. of the filtrate exclusive of the 
washings in case only sodium chloride wa.s present, or 0.00051 if only 
potassium chloride was present, and 0,00092 if both sodium and 
potassium chlorides were present. 

1 Proc. Am. Acad. Arts. Sci., 22 (N.S. 14), 177, 1886. 
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THE RAMMELSBERG METHOD 

Principle. — Anhydrous lithium chloride is soluble in equal parts 
of alcohol and ether which have been saturated with hydrochloric 
acid gas, while the chlorides of sodium and potassium are practically 
insoluble in this mixture. j 

Procedure. — Evajxjrate the solution of the chlorides to ctyness 
in a small flask provided with a two-hole Htopi)er. During the Wap- 
oration, pass a (current of dry air through the flask. Place the 
flask containing tlie dry residue in an oil or air bath and heat for half 
an hour at 140 to 150° (^, during which time pass dry hydrochloric 
acid gas through tlie flask. (V)ol in a current of hydrochloric kcid 
gas, treat the residue with a few cc. of absolute alcohol which has been 
saturated with hydrochloric acid gas, and add an equal volume of 
absolute ether, (lose the flask tightly and allow it to stand with 
frctpieni shaking for twelve hours. Pour the solution through a filter, 
wet with the alcohol-ether 'mixture and wash the residue three times 
by decantation with the alcohol-ether mixture. Add‘ a few more cc. 
of the alcohol-ether saturated with hydrochloric acid gas to the con- 
tents of the flask and allow to stand again for twelve hours. Pour the 
liquid through a filter, and wash the residue by decantation with 
the alcohol-ether mixture until the residue tested in the spectroscope 
shows the complete absence of lithium, (Carefully evaporate the 
coml)ined alcohol-ether extract to dryness on a lukewarm water bath. 
Di.ssolvc the residue in sufficient dilute sulphuric acid to convert all 
the lithium into the sulphate, transfer the solution to a weighed 
platinum dish, evaporate to dryness on the water bath, and finally 
ignite gently. Cool the residue in a desiccator and weigh as lithium 
sulphate. 

Notk. Lithium may also lx* precipitated and weighed as TjijP 04 ,* or it may 
be precipitateil as LiF ^ and then changed into the sulphate and weighed. 

1 Mayer, Ann. Chem. Pharm., 98 , 193, 1856. Merhng, 3 Anal. Chem., 18, 
563. 1879. 

* Carnot, 3 Anal. Chem., 29 , 332, 1890. 
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Determination as Lithium Chloride 

Lithium may be weighed an LiCl. The procedure is practically the 
same as that described for sodium, but since lithium chloride is very 
hygroscopic, this salt must be weighed out of contact with the air. 
For this purpose the lithium chloride is ignited in a platinum crucible, 
cooled in desiccator, and the crucible and contents weighed in a 
glass-stoppered weigliing bottle. 


Determination as Lithium Sulphate 

Lithium is weighed preferably as Li 2 S 04 . The procedure is the 
same as that described for sodium, but since lithium bisulphate is 
easily broken up on heating, it is not necessary to ignite with am- 
monium carbonate. 


Spectroscopic Method ^ 

Dissolve the lithium salt containing small amounts of sodium and 
potassium resulting from the separation by the Gooch or Rarnmels- 
lierg methods in 5 or 10 cc. of water, depending on the amount of 
lithium present. Gradually add measured amounts of this solution 
to a known volume of water — testing the solution from time to time 
in the spe(;troscope — until the lithium lino appears. Wlien only 
traces of lithium arc present, it is better to dissolve the lithium salt 
in a little water and dilute to the vanishing point of the lithium line. 
Make the spectroscopic examination as follows; Prepare a looj) by 
winding a platinum wire four times around a No. 10 wire. Plunge 
the loop into the solution, and remove with the axis parallel to the 
surface of the 'water. Evaporate the drop to dryness carefully, ignite 
in the Bunsen flame, and observe through a good spectroscope. 

Before undertaking the determination, standardize the instrument 
and platinum loop by carrying out the determination with known 
amounts of lithium. 

The method gives satisfactory results when only an approximation 
is desired. For weighable amounts of lithium, the Gooch method is 
preferable. 

^ Skinner and Collins, U.S. l>pt. Agri. Bu. Chem., Bull. 153. A good bibli- 
ography is included in this bulletin. 
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COMBINATIONS 

Detennination of Sodium, Potassium, and Lithium in the 
Presence of One Another 

Wei^h the coml)inc(i bases iis sulphates, observing the precaiutions 
detailed under Doterinination of Sodium, dissolve in water and ^ilute 
to definite volume. In one portion determine the potassium and in a 
second portion determine tiie lithium by the (loocli or Kammelteberg 
method. Obtain the value for the sodium by difference. \ 

Determination of Sodium and Potassium by Indirect Method - 

After removing all other constituents, weigh the sodium and 
potassium as chlorides. Dissolve the weighed residue in water and 
determine the chlorine gravi metrically by precipitation as AgCl or 
volumetrically by titration with standard silver nitrate (potassium 
chromate indiiiutor). l^iom the weight of the combined salts and the 
weight of the chlorine, calculate the amount of sodium and potassium 
as follows : 

.r = weight of NaCl + K('l. y = weight of Cl. 

Then Na = 3.0()4y - 1.42Sx, ‘ K - 2.42 Sj- - 4.004^. 

The method is satisfactory when sodium and potassium are present 
in about eciual quantities. 

Determination of Magnesium, Sodium and Potassium in the 
Presence of One Another 

In the usuiil course of analysis, magnesium, sodium and potassium 
are separated as chloritles from all other constituents. Instead of 
going through the tedious process of separating the magnesium from 
the alkalies, the magnesium, sodium, and potassium may be accurately 
determined in the presence of each other as follows: 

Treat the solution containing these constituents with slightly more 
than enough sulphuric acid to convert all three bases into sulphates; 
evaporate it to dryness on the water bath, and ignite gently at first 
and then at tliill red heat to break up bisulphates and expel the excess 
of sulphuric acid. To hasten the decomposition of the bisulphates, 
cool, add a lump of ammonium carbonate, and heat a second time. 
Cool in a desiccator and weigh. Repeat the heating with the addition 
of ammonium carbonate until a constant weight is obtained. Dissolve 
the residue in water and dilute to definite volume, , Determine the 
potassium in one jiortion according to one of the methods described 
above, and the magnesium in a •second portion. Deduct the weight 
of magnesium and potassium sulphates from the weight of the com- 
bined sulphates to obtain the amount of sodium sulphate.' 

^ The jpeater portion of the material in this chapter was contributed by 
1^. W, B, Hicks, Director of thck Analytical Department of The Solvay Process 
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RDBroiUM AND CAESIUM 


Rubidium, Rb, at.wt. 86.46; sp.gr. 1.632; m.p. 38.6^'; b.p. 696°C.; 
oxides Rb 20 , RbaO^, Rb^Oa, Rb 204 . 

Caesium, Cs, at.wt. 132.81; sp.gr. 1.87 ;m.p. 26.37°; b.p. 670° C.; oxides 
CS 2 O, CS 2 O 2 , CS 2 O 3 , CS 2 O 4 . 


OCCURRENCE 

Occur together, found only in combined state, widely distributed 
but in very small amounts. Found in plant ashes and in several 
minerals, commonly associated with salts of jiotassium. Carnallite 
contains about 0.025% of rubidium; caesium is iiiuch rarer than 
rubidium; the mineral pollmite (Elba Isl.) is a silicate of aluminum and 
caesium and contains about 34% caesium oxide. Other minerals — 
rhodizitc, Al, K, Cs, borate. 


Detection of Rubidium and Caesium 

In the usual course of analysis, these rare elements are separated 
along with sodium, jiotassium, and lithium from all other bases. In 
order to detect rubidium and caesium, extract the dry chlorides of 
the alkali metals with a few drops of hydrochloric acid and 90% 
alcohol. This will dissolve most of the rare alkalies along with some 
sodium and potassium. Evaporate the solution to dryness, dissolve 
in a very small amount of water, and add chloroplatinic acid solution. 
Rubidium, caesium, and potassium chloroplati nates will be preci- 
pitated. Filter and wash the residue repeatedly with hot water to 
remove the potassium salt, which is much more soluble than rubidium 
and caesium chloroplati nates. During this treatment, examine the 
residue from time to time in the spectroscope. As the rubidium and 
caesium salts are concentrated through washing, their spectra will 
gradually become visible. (See Plate II Emmissions-Spectra.) 
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RADIUM 

DETECTION 

Radium discharges tlie olcctroscope of the alplia ray instruipeiit. 
However, other radioactive elements do also. There arc only three 
elements that give a gas called emanation as a product. Thesc\ ele- 
ments are actinium, radium and thorium. They can all be distin- 
guished by collecting the gas and observing its rate of decay. The 
time required for one half of the gas to decay is known as the half- 
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period. ^ The half-period of actinium emanation is 3.0 sec., radium 
emanation 3.85 days, thorium emanation 54 sec. In preparing samples 
for the alpha ray tost they should be ground to about the same mesh. 
If the sample causes the leaf to move faster than it moves when the 
chamber is empty ^ the specimen is radioactive. The time is taken 
with a stoj)- watch. ‘ 


ESTIMATION 

Radium is determined by the following methods: I, Alpha Ray; 
II, Emanation; III, Gamma -Ray. The determination with the alpha 
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ray instrument is only approximate and depends on having the samples 
in the same physical condition as much as iiossihlo. The discharge 
of the leaf is influenced by the fineness of the sample. Also the com- 
pound that the clement is found in makes a difference. The emanating 
power of radium chloride is greater tjiaii that of radium sulphate, or 
oxalate. This method is used in the mining camps because it is 
simple and requires very little equipment. The emanation method 
is more accurate and is usually used at the plant and laboratory. The 
gamma ray method is used when the sample cannot be removed from 
its container, and also for very high grade material. Tubes of emana- 
tion prepared for therapeutic use are determined in this way. 

THE ALPHA RAY METHOD 

The alpha ray instrument consists of |^n electroscope head A 
(Fig. 97) and the chamber B. Head A contains an aluminum or 
gold leaf attached to a metal rod and a reading telescope so placed 
as to read the deflection of the leaf when charged. B is the chamber 
to receive the sample. A spring from the metal rod in A connects 
this with a rod which extends into B. On the end of the latter is 
placed a disk. The rays discharge the leaf through this disk and rod. 
The rod in the chamber is insulated from the case with amberoid, made 
by subjecting amber powder to great pressure. A is charged by means 
of a battery, or an ebonite rod can be used. The battery is made by 
connecting seventy-five to a hundred French cells (or Eveready Tung- 
ten No. 703) of about five volts each in scries. It is best to ground 
the negative end and connect A by a floating wire to the positive 
pole of the cell which will give the desired deflection of the leaf. The 
case of the chamber is connected to the ground wire. A tube of dis- 
tilled water is placed in the circuit to prevent the shorting of the 
batteries. Care should be taken not to charge the leaf enough to 
throw it against the case. The “ natural Leak " is found by taking 
the time for the leaf to move over forty divisions, and calculating the 
divisions per second. Less than forty divisions may be taken if the 
time for forty divisions is quite long. If the leaf moves at the same 
rate over the whole scale, any part may be taken. The sample is 
placed in the plate for solids, and this is made exactly level full. The 
plate containing the sample is placed in a pan to protect the instru- 
ment from receiving active matter. The pan with its contents is now 
placed in the chamber B. As the charged leaf passes 8 (or some 
other chosen starting place) the stop watch is started. The watch is 
stopped at 4. The rate of discharge is calculated in divisions per 
second, and the natural leak is subtracted. A standard is run in 
exactly the same way. Since the rate of discharge is directly propor- 
tional to the amount of radium present, the amount of radium in the 
sample may be found by comparing its rate of discharge with that of 
the standard. This method gives approximate results. If the samples are 
of the same general character, the re.sult.^ may be in very good agree- 
ment, cheyking those obtained by the emanation method very closely » 
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EMANATION METHOD 

I. Carbonate Fusion. About 2 grams of a mixture of sodium and 
potassium carbonates arc placed in a platinum boat about 2 in. long 
in. wide and J in. deep. Larger boats may be used for low grade 
samples where large amounts are taken for analysis. From 6.05 to 
1 gram of the sample should be weighed in the boat. The ooat is 
now filled level full of the fusion mixture. The fusion is made over 
flame, or better, in an electric furnace at about 1000° C. Th^ boat 
should be put in the furnace wliile the furnace is cool. Thi^ will 
allow the fusion to dry and melt slowly, thus tending to prevent 
“ boiling ” over. The analyst will learn by practice how fast to lieat 
up the furnace. When thoroughly fused and while still at the highest 
temperature, suddenly chill the fusion by dipping the boat in water, 
being careful not to allow water to run into the boat and wet the 
fusion. This chilling causes the mass to draw away from the boat 
and in the acid treatment sMp out of the boat. The mass is also made 
more porous so that the acid attacks it much better. If very little 
silica is present, the chilling is not necessary. However, it does no 
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harm. The boat with the fusion is sealed in a glass tube as shown 
in Fig. 98. The tube should be no larger than necessary. A number 
of tubes should be prepared in advance by having one end sealed. 
After standing from one to five or more days (this time depends on 
the amount of radium present and on the time the result is demanded, 
the fourth day is usually about right; this gives a little more than 
a 50 per cent recovery of the emanation) the emanation surrounding 
the boat is drawn into an evacuated chamber. The chamber may be 
evacuated by means of an aspirator on the water faucet or by a 
pump. To draw the emanation from the tube to the evacuated cham- 
ber a rubber tube is placed on one end of the sealed tube and connected 
to the chamber with a capillary tube intervening to prevent broken 
glass from being drawn into the chamber, and a glass stopcock is 
connected by a rubber tube on the other end. The tip of the sealed 
tube next to the chamber is broken with a pair of pliers and the 
stopcock of the chamber opened for an instant. The other tip is 
broken and the glass stopcock opened for an instant. The stopcock 
of the chamber is opened again and closed after an instant. Air is 
let in through the glass stoocock again. After air is taken through 
about three times the chamber is ready to receive the emanation from 
the burette. It is necessary 'to use onlv a small part of the vacuum to 
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draw the emauatiou from the sealed tube. The tube is broken and the 
boat is folded in a filter paper in such a manner that the paper will hold 
the boat in the neck of the flask until the flask is connected with the 
apparatus as shown in Fig. 99. About 4 in. of a stick of sodium 



hydroxide is placed in the leveling bulb D. Boiling water is poured 
on this and the solution is raised in the burette about three-fourths 
of its height, having stopcock E closed and F open. F is now closed 
and the leveling bulb hung on hook G. Flask C contains 1-1 HNO 3 ; 
or if the fusion is hard to disintegrators parts of acid to 2 of water 
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JH used, "i’he boat is shaken into tlic nitric acid and stopcock E 
opened imiuediately. A Riinsen i)urncr flame is applied to the flask 
and the acid brought to boiling. Tlic boiling is continued for 10 to 
30 minutes according to the nature of the fusion. The heating must 
be regulated so that the solution jii the burette is not driven too low. 
If the flask is lieated too strongly the gas may be prevented Ifroin 
escaping tlirough tube II by raising leveling bulb D. The burette 

is now connected to \ the 



chamber by means o^ a 
micro-drying bulb A cVm- 
tainiiig sulphuric acid. The 
stopcock of the chamber is 
opened very slightly. Then 
the stopcock of the burette 
is oiicned slowly but fully. 
The stopcock of the cham- 
ber is now regulated till the 
flow of gas such that the 
liquid in the Inirelte rises 
steadily but not too fast. 
When the liquid rises to 
the stojicoek tlie stopcock 
is turned and air let in till 
tlu^ level is about onc-fourth 
down the tube. The air is 
drawn into the chamber till 
the liquid again reaches the 
stopcock. The air is again 
let in as before. The stop- 
cock is opened into the 
chamber again and the |li- 
quid poured out of the 
leveling bulb. Air is drawn 
through the column till the 
chamber is full. The burette 
is disconnected, and the 
chamber set away to be read 
at the end of three hours. 


Fio. 100. 


Just before time to make 


the reading the electroscope 
head is placed on the chamber and charged for fifteen minutes, and 
the chamber is opened to atmospheric pressure by opening the stop- 
cock for only an instant, Fig. 10(f. From three to ten readings with 
the stop watch are taken over forty small divisions, say from 8 to 4. 
The temperature and pressure are noted. If these vary greatly from 
the conditions at which the instrument was standardized, the correc- 
tion of the discharge must b^ made. The rate of discharge will be 
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proportional to tlic pressure and inversely i)r{)portional to the tempera- 
ture. The discharge is calculated in divisions per second. The natural 
leak, or still better, the blank is subtracted from this. This discharge 
is compared with that of a standard. 

Example of a Determination and Calculation. 

0.5 g. of sample sealed Oct. 1 at 5 00 r..M. 

Boiled off Oct. 5 at 8 :30 a.m. 

Time of recovery 3 days, 15} hours 

Becovery factor for 3 days, 15 hr. 0.4702f) See table. 

} hr. 0.00193 

0.4812 

log. of 0.4812 - 1.0822 

eolog. of 0.4812 .3178 

A — II Time of discharge over 40 divisions of head A on chamber 
II. 92.5 sec.* 

B — II Time of discharge over 40 divisions of head B on chamber 
II. 100 sec. 

1.0021 log. of 40 

1.9001 log. of 92.5 

- 1.0360 - 1.6330 log of 0.4295 

.4325 — 9.9450 standardization of instrument 

.0030 blank .3178 

.3010 to change } g. to gram. 

.4295 2.6.507 to change grams to pounds 

3 3010 to change pounds to tons 

- 2.1545 

14.3 mg. of radium per ton. 

B — II is calculated in the same way. The standardization of 
this particular instrument was - 9.9825. The last four numbers are 
the same in the two cases. The number for the standardization of 
the instrument is the log of the number of grams of radium necessary 
to discharge the leaf one division per second. This is obtained by 
running through the instrument pitchblende or a radium solution the 
radium content of which is accurately known. In all cases the natural 
leak or a blank must be subtracted. 

The instrument is charged 1.? minutes before the readings are 
made in order to allow the active deposits of Radium A, B and C to 
collect on the wall of the chamber. Tlie leaf system should be charged 
positively. The readings are taken at the end of three hours after 
the emanation is drawn into the chaunber because the activity in- 
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creases to a maximum at that time. For the first part of the period 
the increase is very rapid. The maximum is actually reached at the 
end of four hours, but between three and five hours the change is 
very slow. 

As soon as the readings are ipade the instruments must be freed 
from emanation by drawing dry air through them, the air being dried 
by sulphuric acid. 

II. Bisulphate Fusion. — A pyrex test tube 1| in. in diametier 
and 8 in. long is filled about J full of fused potassium bisulphaie. 
Sodium bisulphate or a mixture of both potassium and sodium bism- 
phates may be used. From 0.05 to 5 grams of the finely ground sampte 
should be added, the amount depending on the radium content of th^ 



sample. Additional bisulphate is added until the tul)e is } full. In 
adding the last bisulphate care should be taken to carry down any 
of the sample adhering on the side of the tube. The mixture is now 
thoroughly fused, continuing till reaction is complete. The test tube 
is removed from the flame and held in a nearly horizontal position 
and slowly turned while the melt solidifies. A very small amount of 
barium carbonate is dropped into the tube. About i*of a gram is 
sufficient. In cases of carnotite ores, slimes, and tails the fusion will 
be yellow. As soon as the tube is cool enough to be handled a rubber 
stopper carrying two outlet tubes drawn out to rather fine tips (see 
figure) is inserted. If this is done, as soon as possible there will be a 
partial vacuum in the tube when it cools and this will indicate when 
the emanation is taken off thdkt there has been no leak. On^ of the 
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outlet tubes should extend about one fourth way down the test tube 
and the other just through the stopper. After emanation has re- 
covered at least one day the tube is connected to an evacuated cham- 
ber shown in Fig. 101. Micro-drying bulb A contains water or sulphuric 
acid and acts as an indicator to show when the current of air into the 
chamber is correctly regulated. B contains the fusion; C sodium 
hydroxide solution; D sulphuric acid. The tip near A is broken with 
a pair of pliers. On account of the vacuum in B air rushes tlirough 
A. Immediately after breaking the first ti}) the second should be 
broken. The stopcock of the chamber is slowly oiKjned till air bubbles 
rather slowly through A. The tube containing the fusion is carefully 
heated until all the fusion is melted. It is boiled for at least five 
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minutes, or till the chamber is about to atmospheric pressure. During 
the heating, a steady current is maintained throughout the heating 
by regulating the stopcock of the chamber. The chamber is dis- 
connected and set away to be read at the end of three hours. The 
procedure is the same from this point as in the carbonate fusion 
method. 


THE GAMMA RAY METHOD 

The sample is placed in the holder at such a distance as will 
cause a reasonable rate of discharge — about one division per second. 
A standard is •then placed at the same distance and the two rates of 
discharge compared. The natural leak should be subtracted from 
each reading. The quantities of raSium are proportional to the rates 
of discharge. 

In the gamma ray instrument tl\e lead plate and the brass case of 
the chamber stop all the radiation except the gamma rays. 

See Fig. 102. 
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METHODS FOR SOLUTIONS 

A measured volume of live solution is ])laeed in a 150 cc. p>T*ex 
flask and dilute nitric acid added, filling* tlic flask about one-half full. 
A little barium mlrate should bt' added to prevent the precipitation 
of radium suljihate. Tlie solution is boiled to ijxjxd all the emanation. 
In the (Colorado School of Minims a special tlask with a lonji; 1 in, n^ck 
is used. This is sealed off in the flame while the solution is nearly 
boilinp;. The ordinary flask may be used by lusertinf^ a rubber stojiBer 
carrying a tube wliicli can be sealed. Or the neck of a jiyrex flask 
can be drawn out and scaled. With tlie rubber stopper the einan^i- 
tion sometimes leaks. The special flasks are made by the Denver 
Fire Cflay C^jmpaiiy. After the emanatKin has recovered for one oV 
more days the flask is connected to the burette by a light-walled 
rubber tube as in Fig. 99, fl'he tip is broken and heat is applied to 
the flask. On breaking tlie tij) the rubber tube collapi.ses if the flask 
has not leakiid. When the pressure in the tube is about atmospheric 
the stojicock is ojionod sliglitly from time to time until the gas goes 
into the burette, and then opened wide. The solution is boiled for 
about ten minutes. The gas is then drawn into an evacuated chamber, 
as de.scribcd in the other methods. 'J’hc calculation may be made in 
milligrams jier liter. 

Notes, 'rhe carbonate method is similar to that given in bulletin 104, 
Bureau of Mini's. 

The bisulphate mid-hod of which the method here given is a modification was 
first published liy Howard H. Barker in the Journal of Industrial and Engineer- 
ing Chemistry for July, 1918, and improved by the Radium Ck>mpan\ of ('olorado. 

Radium is found jinncipjally in carnot-ite and pitchblende. The largest 
c.arnotite deposits in the world are in southwestern C'olorado and southeastern 
Utah. ITranium ores contain radium; the ratio of radium t,o t,hat of uranium 
is 3.4 X 10-^; or, there arc 3.4 piarts of radiiun to 10,(K)(),000 of uranium. 

Radium salts correspond chemically to tho.se of barium Jii water barium 
sulphate is 100 times as .soluble as radium suljihate. 

Radium is used in the treatment of certain malignant growths and in lumi- 
nous paints. Some of the radioactive elements have furnished the means of 
studying atomic structure. 

Emanation should not be allowed to remain in the chambers any longer 
than IS necessary. Air dried by sulj^huric acid should bii drawn through them.^ 

^ This chapter was contributed by I'rof. L. D. Roberts, Associate Professor 
of Cfliemistry, C^ilorado School of Mines. 
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Table of Radium Emanation Hecovbio (Kolowrat) 
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Figures 98, 99 and 101 were drawn by M. Ettington, 
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RHODIUM 

Element, Rhodium. Rh. at.wt. 102.9; sp.gr. 12.1; m.p. 1960° C.; 
oxides, RhO, Rh 20 si 

Rhodium is estimated mainly in ores, thermocouples and sal|s. 
Minerals see Platinum. 


DETECTION > 

Rhodium is found only in platinum ores. It is a white inetall 
difficultly fusible, and insoluble in acids. Rhodium, however, dissolvesv 
in aqua regia when alloyed with platinum, to a cherry-red solution. 
It is also soluble in molten phosphoric acid and dissolves when fused 
with acid potassium sulphate with the formation of K 3 Rh(S 04 ) 3 . If 
the metal is treated with chlorine in the presence of sodium chloride 
there forms a soluble salt, NapHhCU. • 

Rhodium monoxide, RhO, is obtained by heating the hydroxide 
Rh(OH) 3 , by cupellation of an alloy of rhodium and lead, or by ig- 
niting the finely-divitled metal in a current of air. It is a grey powder 
with a metallic appearance, and is not attacked by acids, and when 
heated in hydrogen is reduced with evolution of light. 

The oxide, RhaOa, is obtained as a grey iridescent spongy mass by 
heating the nitrate. It is also formed as a crystalline mass when sod- 
ium rhodochloride is heated in oxygen. It is perfectly soluble in acids. 

Rhodium dioxide, RhOa, is obtained by repeated fusions of the 
metal with KOH and KNO.-,. It is attacked neither by alkalies nor 
by acids and is reducc'd by liydrogen only at a high temperature. 

Hydrogen sulphide ]irecipitates from hot solution and incompletely 
a brown rhodium sulphide, 1111.8.3. Hydrogen reduces rhodium salts. 

Potassium hydroxide precipitates at first a yellow hydroxide, 
Rh(OH)8 + H 2 O soluble in an excess of the reagent. If boiled, a 
gelatinous, dark-brown hydroxide, Rh(OH) 3 , separates. A solution of 
NasRhCle does not show this reaction immediately, but the precipitate 
appears in the course of time. Alcohol causes a black precipitate. 

Ammonium hydroxide produces a yellow precipitate which is in- 
soluble in HCl. 

Potassium nitrite precipitates from hot solutions a bright yellow 
precipitate of double nitrite of potassium and rliodium. 

Zinc, iron and formic acid preeijiitate rhodium as a black metal. 

To detect small amounts of rhodium in the presence of other 
metals, evaporate the solution and* displace with a fresh solution of 
sodium hypochlorite; the yellow precipitate formed is soluble after 
an addition of acetic acid. After a long agitation the solution changes 
to an orange-yellow color and after a short time the color passes and 
finally a grey precipitate settles and the solution turns sky-blue. 
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METHODS OF ANALYSIS 
Preparation and Solution of the Sample 

When rhodium is estimated in thermo couples or other alloys of 
platinum and rhodium the wire or sample is rolled to a thin ribbon 
and dissolved in aqua regia. Both metals will go into solution, form- 
ing the chlorides of rhodium and platinum. The aqua regia will 
have to be replaced from time to time, as the alloy dissolves slowly. 

The rhodium from salts is precipitated with zinc and the black 
metallic rhodium cleaned with dilute aqua regia, filtered, washed, 
ignited and reduced with hydrogen. 

Some alloys and ores are alloyed with silver and the silver and 
platinum are dissolved in HNOa. The residue is cleaned with aqua 
regia, dried, and weighed as metallic rhodium. If the residue is ig- 
nited reduce with hydrogen. 

The material or residue containing rhodium is fused with KHSO4 
for some time at a low red heat and the mass leached with hot water 
acidified with H("l. The rose-red solution contains the rhodium. 

Separation of Rhodium from Platinum. — Alloys and ores contain- 
ing platinum and rhodium dissolve slowly in ac^ua regia as stated 
above. After expelling the HNO3 add NH4(M. The precipitate is 
filtered and washed with dilute ammonium chloride solution, which 
dissolves the rhodium salt. A very small amount of rhodium will 
color the filtrate pink to a rose-red color, depending on the amount 
of rhodium present. 

Separation of Rhodium from Iridium. — See Separation of Rh 
from Pt. 

A separation can be made by adding sodium nitrite in excess to 
the solution of the two metals, with a sufficient quantity of sodium 
carbonate to make the solution neutral or alkaline; this is boiled 
until the solution assumes a clear orange color. The rhodium and 
iridium are converted into soluble double nitrites. A solution of 
sodium sulphide is added in slight excess and the liquid made slightly 
acid. The rhodium is precipitated as dark-brown rhodium sulphide. 

A solution of rhodium and iridium is evaporated with HCl and 
displaced with a large excess of acid sodium sulphite, NallSOg, and 
allowed to stand some time when a pale yellow double salt of rhodium 
and sodium sulphite slowly separates out while the solution becomes 
nearly colorle>ss. Wash out the precipitate, and heat with hot con- 
centrated HjS 04 till the sulphurous acid is driven off. Heat the 
material in a crucible until rid of g,ll free sulphuric acid. Then the 
iridium is dissolved out as a sulphate with a deep chrome green color, 
while a double salt of sodium sulphate and rhodium oxide remains 
behind. This is flesh color, insolublp in water and acids. Boil with 
aqua regia, wash, dry, heat and it decomposes into rhodium and 
sodium sulphate. 
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Rhodium can also be separated from iridium, when the latter is 
present as an iridic salt such as Ir (804)2, by precipitating the mixed 
salts with caustic potash, dissolving the hydroxides in dilute sulphuric 
acid and adding caesium sulphate. The sparingly soluble rhodium 
caesium-alum separates in the cold, and can readily be purified by 
recrystallization and then by electrolysis. 

Separation of Rhodium, Platinum and Palladium. — Havings the 
three in solution precipitate the platinum with NH4CI as descrjibed 
under Platinum. After filtering off the (NH4)2PtCl6 precipitate, \and 
after neutralizing the filtrate with Na^COs add mercuric cyanid^ to 
separate the palladium as Pd(CN)2 as described under palladium. 
The filtered solution is evaporated to dryness with an excess of Hpl. 
On treating the residue with alcohol, the double chloride of rhodium 
and sodium is left undissolved as a red powder. By heating this in a 
tube through which h.ydrogen is passed the rhodium is reduced to the 
metallic state and the sodium chloride is washed out with water 
leaving a grey powder of metallic rhodium. 

Separation of Rhodium fvm Ruthenium. — The solution containing 
the two metals is treated with sodium nitrite as above and evaporated 
to dryness. The residue is powdered and treated in a flask with 
absolute alcohol. After filtering and washing with alcohol the rhodium 
remains undissolved. 

The substance or residue containing the rhodium and ruthenium 
may be fused with KHSO4 in a porcelain or platinum crucible causing 
the rhodium to go into solution as already described. The rutlionium 
remains insoluble. 

GRAVIMETRIC METHOD FOR THE DETERMINATION OF 
RHODIUM 

The solution containing rhodium is treated with zinc and the 
residue is washed well with hot water acidulated with HCl. The 
residue is then cleaned with dilute acpia regia and the black metallic 
rhodium is filtered off', dried, and ignited in hydrogen. Goal and weigh 
as metallic rhodium. 

The metals may be melted wdth lead or silver and the buttons 
dissolved in dilute HNO3, leaving a residue which is treated with 
dilute aqua regia to dissolve anj^ platinum that might be present. 
The residue is treated with salt and chlorine and the melt dissolved 
in water as described under Iridium. The iridium is precipitated with 
NH4CI and the rhodium with zinc. The rhodium black is cleaned 
with dilute aqua regia, filtered, washed and ignited. ^Reduce in hy- 
drogen and w^eigh as metallic rhodium. 

The solution containing the rfiodium is made alkaline with KOH. 
and then acid with formic acid. Boil, and the rhodium will be pre- 
cipitated as finely divided metallic rhodium. After filtering proceed 
in the usual maimer.^ 

‘ Chapter contributed by R. E. Hickman. 
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RUTHENIUM 

Element, Ruthenium. Ru. at.wt. 101.7; sp.gr. 12; m.p. 2460'' C.? 
oxides, RusOa, RuOa, RUO 4 . 

Ruthenium is goneriilly estimated in alloys, ores and residues. 
Minerals see Platinum. 


DETECTION 

This element is found only in platinum ores. It is barely soluble 
in aqua regia, and insoluble in acid potassium sulphate. It dissolves 
when fused with KOH and KNO3. The solution of the fusion when 
dissolved in water forms potassium ruthenatc, K2RUO4, from which 
HNO3 precipilJates the hydroxide, which is soluble in HCl. The 
treatment with chlorine and KCl at a high temperature yields a salt 
of KjRuClfi. The salts that are most common are K2RUCI6 and 
KaRuClr.. 

The oxide, Ru-iOa, is formed when finely divided ruthenium is 
heated in the air, forming a blue powder which is insoluble in acids. 
It can also be obtained by heating the trihydroxide, Ru(OH)3, in dry 
carbon dioxide which forms a black, scaly mass. 

Ruthenium dioxide, RUO2, is obtained by roasting the disulphide or 
sulphate in contact with air. It is likewise formed when the metal 
is fused in an oxidizing atmosphere, wJien it burns with a sparkling 
smoky flame, and evolves an ozone-like smell. 

Ruthenium tetroxidc, R11O4, is formed in small quantities when 
the inctfil is heated at 1000 ° C in a current of oxygen, although when 
heated alone it decomposes at about 106 °. It is prepared by passing 
chlorine into a solution of potassium nitrosochlororuthenate, or of 
potassium ruthenate or sodium ruthenate prepared by fusing the metal 
with sodium peroxide; the liquid becomes heated and the tetroxide 
distills over and is deposited in the receiver. The moist oxide quickly 
decomposes. In the dry state it is fairly stable, but decomposes in 
sunlight with the formation of lower oxides. It dissolves slowly In 
water, and the solution when it contains free chlorine or HCl may 
be kept without alteration for some days if light be excluded, but 
when pure sloVly deposits a black precipitate. 

In addition to the above oxides^ salts corresponding to the acidic 
. oxides Ru0.t and RU2O7 have been prepared. 

Potassium hydroxide precipitates a black hydroxide easily soluble 
in HCl. 

Hydrogen sulphide slowly produces brown Ru2S3. 

Ammonium sulphide precipitates brownish black sulphide. 
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Metallic zinc precipitates metallic ruthenium, the solution iirst 
turning blue. 

Potassium sulphocyanate gives on heating a dark brown solution. 

Silver nitrate gives a rose-red precipitate. 

Mercurous nitrate produces a. bright blue precipitate. 

Zinc chloride produces a bright yellow precipitate which darkens 
on standing. 

Potassium iodide after a time by heating precipitates the black 
scsqui-iodide. 
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METHODS OF ANALYSIS 

Preparation and Solution of the Sample 

When ruthenium is nlloyeti with pin ti mini or gold, aqua regia 
dissolves these metals, forming the chlorides of iilatinum, gold and 
ruthenium. The ruthenium in ores is in the form of an alloy with 
platinum or osmiridium. This is fused with KNO., and KOH in a 
silver crucible, the osmium and the ruthenium forming salts as de- 
scribed above, while the iridium remains as an oxide. 

Separation of Ruthenium from Platinum. — I'he two metals are 
pirecipitated with K(M and the ]H»tassium rutheniochloride is dissolved 
out with cold water containing a very small amount of KCl and al- 
cohol. The ruthenium is then precipitated frfun an acid solution by 
additions of granulated zinc. 

A separation may be made by alloying with silver and dissolving 
the platinum tuid silver by HNOj, the riitheuium remaining as the 
residue. 

From a concentrated solution of these metals precipitate the 
platinum with NTLiCd. Evaporate the filtrate with potassium nitrate 
to dryness and boil the residue with alcohol when the residual plati- 
num will remain behind and the ruthenium goes into solution. 

Separation of Ruthenium from Iridium. — The two metals are 
fused with KOH and KNO,{ as described above, the ruthenium form- 
ing a salt soluble in water and the iridium remaining as an oxide. 

To the solution of the two metals, sodium nitrite is added in 
excess, with sufficient sodium carbonate to keei) the liquid neutral 
or alkaline. The whole is boiled until an orange color appears. The 
ruthenium and the iridium are converted into soluble double nitrites. 
Sodium sulphide is then added, small quantities at a time until the 
precipitated ruthenium sulphide is dissolved in the excess of alkaline 
sulphide. At first the addition of the sulpliide gives the characteristic 
crimson tint due to ruthenium, but this quickly disappears and gives 
a bright chocolate-colored precipitate. The solution is boiled for a 
few minutes, and allowed to become perfectly cold and then dilute 
HCl cautiously added until the dissolved ruthenium sulphide is pre- 
cipitated and the solution is faintly acid. The solution is filtered and 
the precipitate washed with hot water. The filtrate wdll be free from 
ruthenium. 

The fusion with KOH and KNO3 as described above is dissolved 
in water in a flask or retort; chlorine is passed through this solution 
and thence into two or three flasks* containing a solution of KOH and 
alcohol. The two or three flasks which form the condensing apparatus 
should be kept as cold as possible. The ruthenium is transformed into 
volatile Ru04 which condenses in th’e flasks, while the iridium remains 
in the retort. * 
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Separation of Ruthenium from Rhodium. The mixed solution of 
the two metals is treated with potassium nitrite as described above. 
The orange-yellow solution is evaporated to dryness u])on the water 
bath and treated with absolute alcohol. The rhodium remains un- 
dissolved and can bo filtered cifTf and washed with alcohol. The 
rhodium salt can be ignited with Nlli('l and after washing yields 
metallic rhodium. See Se])aration of Rhodium from Ruthenium. 

Separation of Ruthenium from Osmium. — See Separatioif of 
Osmium from Ruthenium. 


GRAVIMETRIC METHOD FOR THE DETERMINATION OF 

RUTHENIUM \ 

Ruthenium is best weighed as the residue, or metallic ruthenium, 
after the otlier metals are eliminated. It may be precipitated from 
the solution with zin(^ and after filtering, washing and igniting the 
filter the impurities are dissolved in dilute aqua rcfjia; reduce in 
hydrogen and the residue is ruthenium. The platinum metals may be 
alloyed with silver and after dissolving out the silver, platinum and 
palladium with HNOj, the residue is treated with dilute aqua regia 
as above, leaving the residue as ruthenium. If iridium is present in 
the residue, weigh as iridium and ruthenium. Make a fusion with 
KOH and KN63 as described under iridium; dissolve the fusion 
and filter off the IraOs, and wash with sodium hypochlorite solution 
and then with water. Ignite and weigh as IraOa. Calculate the 
weight of Ir winch is to be subtracted from the w^eight of the ruthe- 
nium and iridium. The difference is ruthenium. If rhodium is present 
fuse with KHSO4 as described under rhodium. 

The solution of RuaCU is evaporated to drive off the excess acid 
and then taken up with 50 to GO cc. of water and a few pieces of 
magnesium added gradually. The solution is filtered and the residue 
washed with a 5 % H 2 SO 4 solution to get rid of any magnesium that 
may be present. Ignite at the lowest possible temperature, and heat 
in hydrogen to red heat, cool and weigh as metallic ruthenium.^ 

‘ Chapter contributed by R. E. Hickman 
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SELENIUM AND TELLURIUM 


Se„at,wt.79.2; sp.gr. “-P- } b.p. 690^ C.; o^dc 

Se 02 ; acids, H 2 Se 03 , HsSeOd. 

Te, at.wt. 127.6; sp.gr. 6.27; m.p. 462°; b.p. 1390°C.; oxides TeO, 
Te 02 ) TeOa; acids, H^TeOs, H'jiTeOd. 


OCCURRENCE 

Selenium and tellurium closely resemble sulphur in chemical 
properties. They have crystalline and amorphous forms. Tlie ele- 
ments occur in nature freciuently associated with sulphur. Selenium 
is frequently present in iron pyrites, hence is found in the flue dust of 
lead chambers *of the sul})huric acid plant, and as an impurity in sul- 
phuric acid, prepared from pyrites containing selenium. 

Ores — Selenium. — Jn copper and iron pyrites; meteoric iron. In 
the rare minerals clausthalitCf PbSe; lehrbachitc, PbSe.HgSe; ono- 
frite^ HgSe. 4 HgS; eucairite^ Cu2Sc.Ag2Se; crookmtc, (CuTlAg)2Se. 

Tellurium. — Occurs in tcllurides and arsenical iron pyrites. Fre- 
quently associated with gold, silver, lead, bismuth and iron. In the 
minerals — aliaile^ PbTe; calaverifCy AuTe2; coloradolite, HgTe; 
nagyagite, (AuPb)2(ToSSb)3; petzile, (Ag-Au)2To; sylvanite, (AuAg)Tc2; 
tellurite, TeOa (tellurium ochre); tetradymite, Bi2(Te,S)3. 


DETECTION 

Selenium and tellurium appear with the hydrogen sulphide sub- 
group elements in the ordinary course of qualitative analysis. The 
acid solution of the material is treated cold with H2S, as the lemon- 
yellow SeS formed in a cold solution is more readily soluble in alka- 
line sulphide solutions than the orange-yellow SeS2 precipitated from 
hot solutions. Although only a partial separation takes place the ex- 
tract will contain sufficient selenium, if present in the sample, to give 
a qualitative test. By precipitation from an acid solution by HoS, 
selenium and tellurium arc separated from members of subsequent 
groups. The * sulphides precipitated are extracted with sodium or 
ammonium sulphide and the extract examined for selenium and 
tellurium. 
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Detection of Selenium 

The sodium or ammonium extract is acidified with hydrochloric 
acid, whereby selenium together with the other members of the group 
are precipitated. The washed and dried precipitate is mixed with twice 
its weight of a flux containing equal parts of sodium carbonate and 
nitrate, and the mixture added to an equal amount of the flux which 
has been previously fused. The fluid mass is poured on to a sla)b of 
porcelain and the cooled melt placed in a beaker and extracted ivfith 
water, whereby selenic, telluric, molybdic and arsenic acids diss(ilve, 
stannic oxide, sodium antimonate, gold and the platinum group ^re- 
maining insoluble. The extract is treated with an excess of hyopo- 
chloric acid and boiled to reduce sodium selenate, Na2Be04, to selenious 
acid, H2SeO». A reducing agent such as sulphurous acid, arnmoniu^ 
sulphite, hydrazine sulphate or hydroxylamine is added and the 
solution boiled. Selenium, if present, is precipitated in its red or 
brown-colored metallic form. The red color darkens on boiling. 

Selenium is an odorless and tasteless solid. Its vapor has a putrid 
horseradish odor. The element burns with a reddish-blue colored 
flame. 

Dissolved in concentrated snlphvric acid a fine green-colored solution 
is obtained, from which solution selenium may be i)recipitated by 
dilution with water, the suspended substance giving a reddish tint 
to the acid. 

Hydrochloric acid decomposes selenates with evolution of chlorine 
gas on boiling. 

Barium chloride y)recipitates white BaiSeOa, soluble in dilute HCl, 
when added to selenites, and white BaHe()4, insoluble in dilute HCl, 
when added to selenates. 

Hydrogen sulphide produces no precipitate with a selenate. This 
reduced, however, by heating with HCl, a lemon-^^ellow to orange- 
yellow precipitate of SeS2 is obtained. 

The gas passed into a solution of selenite gives an immediate 
precipitation of the sulphide, SeS2. 

Detection of Tellurium 

Tellurium dissolved in concentrated sulphuric acid colors the acid 
purple or carmine. The color disappears on dilution. The mineral 
may be treated directly with hot concentrated sulphuric acid and the 
color obtained in presence of tellurium. 

Heated in a test-tube tellurium compounds sublime and fuse to 
colorless, transparent drops of TeOa. 

Hydrogen sulphide precipitated metallic tellurium mixed with 
sulphur when passed into acid solutions containing the element. The 
precipitate resembles 8 nS in appearance. It is readily soluble in 
(NHO2S. 

Tellurium burns with a greenish flame. 
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Reducing agents added to acid solutions of tellurium precipitate 
black metallic tellurium. 

Tellurium compounds are not as readily reduced as are those of 
selenium. In solutions having an acidity of over 80 per cent, SO 2 
gas causes the precipitation of metallic selenium alone. Upon dilution 
with an equal volume of water telluWum is precipitated. A separation 
may be effected in this way. 

Tellurates boiled with HCl evolve chlorine gas and are reduced to 
H 2 Te 03 . Dilution of the solution will cause the precipitation of 
Te02 (distinction from Se). 

Potassium iodide added to a tellurite in dilute sulphuric acid 
solution (1:4) precipitates black TeL, soluble in excess of KI. 
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METHODS OF ANALYSIS 

Preparation and Solution of the Sample 

The following facts regarding* solubilities of these elements and 
their compounds may bo useful in the analysis of these substances. 

Selenium. — Amorphous selenium is soluble in carbon disulphijde; 
the crystalline hexagonal form is insoluble in this reagent. The metal 
is soluble in hydrochloric acid in the presence of nitric acid. It\ is 
soluble in cold concentrated sulphuric acid, giving a green-colored 
liquid, which diluted with water deposits selenium. The dioxide, 
SeOo, is readily soluble in hot water. 

Tellurium. — The element dissolves in hot concentrated hydroV 
chloric acid. On dilution of the solution a precipitation of HzTeOa. 
Tc 02 occurs. Treated witli concentrated nitric acid 'or aqua regia 
H 2 Te 04 forms. With sulphuric acid the compound H^TeOs forms 
and SO 2 is evolved. The element dissolves in concentrated potassium 
cyanide, from which solution nydrochloric acid precipitdtes all of the 
tellurium. Tellurium is insoluble in carbon disulphide. The oxides 
ToO and Te 02 are soluble in acids, TeO .3 being not readily soluble. 
All the oxides dissolve in hot potassium hydroxide solutions. 

Care must be exercised to avoid overheating acid extracts in the preparation 
of the sample, since loss by volatilization is apt to occur; this is especially true 
of the halogen compound.s of selenium and tellurium, the former Vx^ing more 
volatile than the latter. (B.p. SeClj— 145®; SeBrj — 225® - 230®; SeOCh 
« 179.5°; TcCh= 327°; Te(U 4 = 414®; TeBr 2 = 339°; TeBr 4 - 420® C.) ^ 

Fusion Method. — The finely powdered substance is intimately 
mixed with about five times its weight of a flux of sodium carbonate 
and nitrate (4: 1) and heated gently in a nickel crucible, gradually 
increasing the heat, until the charge has fused. When the molten 
mass appears homogeneous, it is cooled and extracted with water. 
Sodium selenate and tellurate pass into solution and are separated 
from most of the heavy metals. The water extract is acidified with 
hydrocliloric acid and boiled until no more free chlorine is evolved. 
(Test with starch iodide paper. Cl = blue color.) Metallic selenium 
and tellurium may be precipitated by passing sulphur dioxide into 
the hydrochloric acid solution. 

Keller has shown that tellurium is not precipitated by SO 2 in 
strong hydrochloric acid solutions (sp.gr. 1.175), whereas selenium is 
precipitated. Diluted with an equal volume of water (^acidity 30 to 
50% of above) both tellurium and selenium are precipitated by SO 2 . 

One or more of the following procedures may be required accord- 
ing to the material that is being analyzed. 

Separation of Selenium and Tellurium from the Iron and Zinc 
Groups, from the Alkaline Earths and the Alkalies. — If sulphur diox- 
ide is passed into a solution coqjtaining 30 to 50% of hydrochloric acid 
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(sp.gr. 1.175), selenium and tellurium will he precipitated, the other 
elements remaining in solution. If the acidity is over 80% of the 
above strength of hydrochloric acid, only selenium is precipitated. 

The presence of nitric and of sulphuric acid prevents the complete 
precipitation of tellurium. 

Separation of Selenuim and Tellurium from Cadmium, Copper and 
Bismuth. — Sulphur dioxide passed into an acid solution containing 
30 to 50% of hydrochloric acid (sp.gr. 1.175) precipitates selenium and 
tellurium free from cadmium, and the greater part of bismuth, copper, 
antimony, etc. Complete separation of selenium and tellurium may 
be effected by the distillation process described under Separation of 
Selenium and Tellurium, see below. 

Separation from Silver. — Silver is precipitated as the chloride AgCl, 
selenium and tellurium remaining in solution. 

Separation from Gold. — The slightly acid solution, free from 
nitric acid, is diluted with water, ammonium oxalate or oxalic acid 
added and the i)recipitated gold allowed to settle several hours (prefer- 
ably twenty-fttur hours or more). The gold is filtered off and the 
selenium and tellurium precipitated in the filtrate with sulphur di- 
oxide. 

In the absence of selenium, gold may he separated from tellurium 
by precipitation with ferrous sulphate added to the solution strongly 
acidified with hydrochloric acid. Tellurium remains in solution. 
(Selenium is also precipitated with ferrous sulphate.) 

Separation of Selenium from Tellurium in Strong Hydrochloric 
Acid by Direct Precipitation with Sulphur Dioxide — Keller’s 
Method. — The i)rocedure has already been mentioned. Advan- 
tage is taken of the fact that tellurium is not precipitated by SO 2 in 
strong hydrochloric acid solutions, whereas selenium is precipitated. 

Procedure. — The two elements are precipitated by sulphur di- 
oxide from an acid solution containing 80 to 40% of strong hydro- 
chloric acid. The precipitate is dissolved in nitric acid and the solu- 
tion evaporated to dryness on the steam plate. The residue is treated 
with 200 cc. of hydrocliloric acid (sp.gr. 1.175) and boiled to free the 
solution of nitric acid, since the presence of this acid prevents com- 
plete precipitation of tellurium. A little sodium chloride is previously 
added to minimize the loss through volatilization during the heating. 
The hot solution is saturated with sulphur dioxide, whereupon sele- 
nium is quantitatively precipitated and may be filtered off, washed 
with a 90% solution of strong hydrochloric acid (sp.gr. 1.175, i.e., 
9 parts of HCl to 1 part by volume of H 2 O), followed by dilute acid, 
then by water until free of acid, and finally by alcohol. Weigh as 
metallic selenium after drying at *105° C. The tellurium is precipi- 
tated from the filtrate by diluting this with an equal volume of water, 
heating to boiling and again saturating with sulphur dioxide. The 
precipitate is washed with dilute hydrochloric acid (1:1), followed by 
water and alcohol, then dried and weighed as tellurium. 
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GRAVIMETRIC METHODS FOR DETERMINING SELENIUM 
AND TELLURIUM 

The sections on Preparation and SolutioJi of the Sample and Sepa^ 
rations should be carefully studied, as details for the precipitation of 
selenium and tellurium arc given. ( 


SELENIUM 

Precipitation of Selenium by Sulphur Dioxide 

Procedure. — The sample obtained in solution according to the 
procedure outlined under Preparation and Solution of the Sample and 
freed from nitric acid, ivS saturated with sulphur dioxide, whereupon 
selenium is precipitated in its elemental condition. If the solution 
is strongly acid with hydrocl loric acid (H(U = sp.gr. 1.175), tellurium 
remains in solution, if present. It is advisable to wash the precipi- 
tated selenium with moderately strong hydrochloric acid, followed by 
the dilute acid, then with water until free of acid, and finally with 
alcohol. The residue is dried at 105° C. and weighed as metallic 
selenium. 

The filtrate should be tested for selenium by saturating again 
with SO 2 . Tellurium precipitates quantitatively from hydrochloric 
acid solution of half the above strength, hence will be evident in the 
filtrate, if present. 

Weight of Sc X 100 


Reduction to Metallic Selenium Potassium Iodide Method 

The method worked out by Peirce is useful in determining sele- 
nium in samples containing less than 0.1 gram of selenium. Larger 
amounts are apt to occlude iodine, giving high results. 

Procedure. — The sample containing selenious acid or a selenite is 
diluted to 400 cc. and acidified with hydrochloric acid. Potassium 
iodide is added in excess, about 3 grams more than is required to 
effect reduction, and the solution boiled about twenty minutes. The 
precipitate is filtered and washed as usual, then dried and weighed as 
metallic selenium. 
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TELLURIUM 

Consult procedure under separation of selenium and tellurium then 
proceed further as follows: 

Determination of Tellurium. — The residue in the distilling flask 
is transferred to a 600 cc. beaker containing 150 cc. of cold water. 
Ten cc. of 3% Fe(NOa)8 solution is added, made ammoniacal, and 
then heated to boiling; the precipitate is filtered off on a large 
filter and washed with hot water. The precipitate is dissolved in 
hot dilute HCl and the solution nearly neutralized with NH4OH. 
The slightly acid solution is saturated with H 2 S, the precipitated tel- 
lurium filtered off on a 12| cm. filter, and washed with H 2 S water. 

The precipitate is dissolved off the paper into a small beaker with 
a mixture of equal parts of HCl and bromine-potassium bromide 
solution. The paper is washed with water keeping the volume of 
the solution as small as possible. The filtrate should contain 20% 
HCL 

Tellurium is precipitated by saturating the solution with SO 2 . 
The precipitate, after heating to boiling, is allowed to settle for 
several hours and filtered on a weighed Gooch. It is washed with 
hot water and then with alcohol and dried for an hour at 100° C., 
cooled in a desiccator and weighed. 

Weight of Te X 100 _ ^ 


Determination of Tellurium where Selenium is not Desired 

Procedure. — A sample of 1 to 5 grams is taken for analysis and 
placed in a No. 5 porcelain crucible. Ten cc. of cone. HNO3 are 
added very cautiously and, when the apparent action has ceased, 
the sample is placed on the steam bath until all NO 2 fumes have 
been expelled. Four to 5 drops of cone. H 2 SO 4 are now added and 
the solution evaporated to dryness on the steam bath. About 15 cc. 
of cone. HCl are added and the solution again evaporated to dry- 
ness. By this latter procedure any selenium that may be present is 
converted to the easily volatile chloride. The crucible is placed on 
a triangle on a wire gauze over a low flame and heated cautiously 
until all white fumes have disappeared and then at dull red heat until 
all signs of crj^stallized selenious chloride have disappeared. The residue 
in the crucible is tellurious dioxide and ferric oxide. 

The crucible is cooled and the* residue dissolved in cone. HCl in 
a No. 4 beaker and the solution diluted to 250 cc. with distilled water. 
HaS is passed into the solution until tellurium is completely pre- 
cipitated. The precipitate is filtered on a 12| cm. filter, and washed 
with HjS water. 
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The precipitate is dissolved in a 250 cc. beaker by adding a mix- 
ture of bromine-potassium bromide (200 cc. of liquid bromine added 
to 320 grams of KBr salt that has been dissolved in just sufficient 
water to form a saturated solution), 1 part and cone. HCl, 1 part, 
using the least amount of the mixture necessary to dissolve the pre- 
cipitate and wash with a little water. The filtrate should contain 
20% of HCL , 

The solution is thoroughly saturated with SOa gas, and ijhcn 
heated to boiling. The precipitated tellurium is allowed to settlelfor 
several hours, preferably over night, and filtered on a wedged 
Gooch crucible, then washed with hot water and finally with alcohol. 
After drying for an hour at 100° C., the tellurium is cooled ahd 
weighed. 

Weight of the residue multiplied by 100 divided by weight taken 
gives per cent tellurium. 

INDUSTRIAL PRODUCTS AND RAW MATERIALS 

» 

Commercial Selenium 

Selenium. — Weigh out four one-half gram (.5000 g.) portions of 
the finely ground sample (l(K) mesh) into a 150 cc. beaker. Add 
10 cc. of H2O, then add slowly 15 cc. of cone. HNO3 and cover with 
a watch glass. 

Evaporate to dryness on the water bath,^ take up with 10 cc. of 
HCl (1: 1) and 20 cc. of H2O in the cold. Filter off the insoluble into 
a 400 cc. beaker; to the filtrate add sufficient cone. HCl to make a 
solution of 70% cone. HCl by volume. 

Precipitate the selenium at room temperature by a .slow current 
of SO2 gas at the rate of two small bubbles a second, stirring fre- 
quently to granulate the selenium. Care must be taken to keep the 
solution at room temperature, 60-70° F., by placing the beaker in a 
vessel of running tap water." 

When all the selenium has been precipitated and the solution 
smells strongly of SO 2, remove and allow to settle for one-half hour. 

Decant the supernatant liquor through a tared Gooch crucible 
and wash the precipitated selenium in the beaker three times with 
cone. HCl and once with cold water, decanting each time through 
the crucible. 

Add to the precipitate still in the beaker 25 cc. of cold water and 
from a wash bottle an ordinary stream of hot water with vigorous 

^ Evaporating to dryneas on a hot siove in place of the water bath, causes 
a loss of selenium by volatilization. , 

The author claims there is an appreciable loss of selenium when heated 
above 105° C. and of selenium in the form of chloride when heated above 1()0° C., 
even in the presence of sodium and potaK.sium chlorides. 

* If the temperature of the solution when precipitating selenium is above 
70° F., the selenium balls up, occluding impurities which can never be washed 
out; if below 60° F., incomplete precipitation occurs. 
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stirring, until the selenium turns hUiek and gninuhir.* The selenium 
is then readily filtered olT, washed witli hot water, iinally with alcohol 
and dried at 105° C. to constant weight. Weigh as metallic selenium. 

In order to quickly obtain a constant weight, it is sometimes 
necessary to break up the precipitate of the selenium in the crucible 
with a platinum rod to facilitate the driving off of the moisture. 

After the final weight is obtained, the crucible is gently heated, 
to expel the selenium. This is a check on the weight and the purity 
of the precipitated selenium. ^ 


TELLURIUM 

Add three (il) grams of jmwdered tartaric acid to the filtrate from 
the selenium precipitate, dilute to four times its bulk with hot water, 
then add 25 cc. of NILOH. Saturate the liquid with SOa gas (takes 
about two minutes) and bring to a boil. Allow to stand for two 
hours, or longer, on a hot plate. The granular precipitate is filtered 
on a tared Gooch crucible, washed with hot water, dried at 115° C. 
to constant weight and weighed as metallic teJlurium, 

' If ih(? precipitated selenium is not made granular as above, it cakes in 
drying and holds moisture even at 110* C. If the water is too hot the seleniuin 
partially melts; if too (jold. it does not accomphsli 1h(5 purpose. A t-omperature 
of 70° (* IS a])out right. A little experience will accomplish the correct resull-s. 

2 Th(' residue may consist of silica and gold. 
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SILJLCON 


Si» at. wt. 28.3; 8p.gr. amor. 2.00.; crys. 2.49; m.p. 1420° C.; oxides SiO,;SiO 

The element silicon has no important application. Its use! for 
electrical resistance has been suggested. A rod 10 cm. long with 
cross section of 40 sq.mm, has a resistance of 200 ohms againsi a 
carbon rod of the same dimensions of 0.15 ohm. Impure silica fii\ds 
use in fluxes in manufacture of glass; pure silica for the rnanufactiire 
of silica ware. With caustic it forms an adherent sodium silicatW 
Silicon carbide, carborundum, is used for refractory purposes, fire 
brick, zinc muffles, coke ovens. Crystolon, the crystalline form, is 
used as an abrasive, in making grinding wheels, sharpening stones, etc. 

Combined as Si02 and in silicates the element is very widely dis- 
tributed in nature and is a required constituent in pra*ctically every 
complete analysis of ores, minerals, soils, etc. It is present in cer- 
tain alloys, ferro-silicon, silicon carbide, etc. 

Minerals of Silica 
Silicates Undecomposed by Acids 

Amphihole group — Actinolite, Ca(Mg,Fe)3(SiO.02; Uornhle/nd, 
chiefly Ca(Mg, ¥0)3(8103)4 with Na2Al2(Si03)4 and (Mg,Fe)2{Al,Fe)4 
SiOi2; Tremoliie, CaMg3(Si03)4. Andalusite, (A10)AlSi04. Beryl, 
Be8Al2(Si03)6. Cyanite, AIoSIOb, Epidote, CaaCFeOH) ¥02(8104)3. Al 
may replace Fe. Feldspar group — Alhite, NaAlSisOs; Andesine, 
Silicate of Na, Al and Ca; Celsian, BaAl2Si208; Microcline, KAlSisOa; 
Oligoclasej NaAlSi308.CaAl2Si208; Orthoclase, KAlSiaOs. Garnet group, 
silicates of Ca, Mg, Fe, Mn, Al, Cr, Ti. Kaolinite, 2H20.Al208.2Si02; 
HaUoysite, amorphous variety. Pyroxene group — Acmite, Na20. 
Fe204.4Si02; AugitCy CaMgSLO®; Diopside, CaMg(Si08)2; En&tatiie, 
MgSiOs; Hypersthane, (Fe,Mg)Si02; Rhodonitey MnSiOa. Span* 

dumeney LiAl(8i03)2. StauroNtey H20.2Fe0.5Al203.4Si02. TalCy H2O. 

3Mg0.4Si02. Titanite, CaTiSiOs (sol. in H2SO4). Tapaz [Al(F,OH)2] 
AlBi04. Tourmaline, H9Al8(B.0H)2Si40i9. H may be replaced by K, 
Na, Mg, Ca and Fe. 

Silicates Decomposed by Acids 

Anorthite, CaAl2Si208; Calamine, H2O.2ZnO.SiO2; ChrysocoUa, 
CuSi08.2H20; Chrysolite or Olivine, pAgyFe) 2 SiOi] Datolite, HCaBSiOs; 
Gfarnierite, H2(Ni,Mg)Si04 + Aqua; Leusite, KAl(Si08)2; Natrolite, 
Na^AUSijOio.SHaO; Nephelite, K2Na8Al8Si9084; Prehemite, H2Ca2Ali 
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(SiOOs; Serpentine, 3 MgO. 2 SiO 2 . 2 H 2 O; Vesuvianite, basic CaAl sili- 
cate; Wernerite, silicate of Ca, Al, Na with Cl; Willemite, Zn2Si0i; 
Wollastonite, CaSiOa; Zeolite group, hydrous silicates. 


DETECTION 

The finely ground sample together with a small quantity of pow- 
dered calcium fluoride is placed in a small lead cup, 1 cm, in diameter 
and depth (see Fig. 103), and a few drops of concentrated sulphuric 
acid added. A lead cover, with a small aperture, is placed on the 
cup, and the opening covered with a piece of moistened black filter paper. 
Upon this paper is placed a moistened pad of ordinary filter paper. The 
cup is now gently heated on the steam bath. At 
the end of about ten minutes a white deposit will 
be found on the under side of the black paper, at 
the opening in the cover, if an appreciable amount 
of silicon is present in the material tested. 

A silicate, "fused with sodium carbonate or bi- 
carbonate in a platinum dish and the carbonate 
decomposed by addition of hydrocliloric acid with 
subsequent evaporation to dryness, will liberate sili- 
con as silicic anhydride, 8i02. The silica placed in a platinum dish is 
volatilized by addition of hydrofluoric acid, the gaseous silicon fluoride 
being formed. A drop of water placed in a platinum loop, held in 
the fumes of SiF 4 , will become cloudy owing to the formation of 
gelatinous silicic acid and fluosilicic acid, 

3SiF4 + 3 H 2 O = H2Si08 + 2H2SiF6. 

If a silicate is fused in a platinum loop with microcosmic salt, the 
silica floats around in the bead, producing an opaque bead with web- 
like structure upon cooling. 
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METHODS OF ANALYSIS 

Preparation and Solution of the Sample. — The gravimetric pro- 
cedure is the only satisfactory method for the estimation of silicon. 
The substance in which the element is combined as an oxide or as a 
silicate is decomposed by acid treatment or by fusion with an alkali 
carbonate or bicarbonate, the material taken to dryness with addi- 
tion of hydrochloric acid, whereby the compound silica is liberated. 
If other elements are present the silicon is volatilized by addition of 
hydrofluoric acid and estimated by the loss of weight of the residue. 

The element is scarcely attacked by sijigle acids, but is acted\upon 
by nitric-hydrofluoric acid mixture. It dissolves in strong a,lkali 
solutions. Silica is decomposed by hydrofluoric acid and by fusion 
with the fixed alkali carbonates or hydroxides. 

General Considerations. — The natural and artificially prepared 
silicates may be grouped under two classes* 1. Those which are de- 
composed by acids. 2. Silicates not decomposed bv acids. The 
Minerals datolite, natrolitO, olivine and many basic sings are repre- 
sentative of the first class, and feldspar, orthoclase, pumice and ser- 
pentine are representative of silicates not decomposed by acids. 
The first division simply refjuire an acid treatment to isolate the 
silica, the latter class require fusion with a suitable flux. 

In technical analysis, in cases where great accuracy is not re- 
quired, the residue remaining, after certain conventional treatments 
with acids, is classed as silica. This may consist of fairly pure silica 
or a mixture of silica, undecomposed silicates, barium sulphate and 
certain acid insoluble compounds. For accurate analyses this in- 
soluble residue is not accepted as pure silica, unless impurities, which 
are apt to be found with the silica residue, are known to be absent 
from the material under examination. 

Although the procedure for isolation of silicon is comparatively 
simple, errors may arise from the following causes: 

1. Imperfect decomposition of the silicate. 

2. Loss of the silicon by spurting when acid is added to the car- 
bonate fusion. 

3. Slight solubility of silica, even after dehydration, especially in 
presence of sodium chloride and magnesia. 

4. Loss due to imperfect transfer of the residue to the filter paper, 

5. Mechanical loss during ignition of the filter and during the 
blasting, due to the draft whirling out the fine, light silica powder 
from the crucible. 

6. Error due to additional silka from contaminated reagents or 
from the porcelain dishes or glassware in which the solution was 
evaporated. A blank of 0.01 % on the sodium carbonate will make an 
error of 0.1% per gram sample in an ordinary fusion where 10 grams 
of the flux are required. 
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7. Error due to loss of weight of the phitiimin crucihlo during the 
blasting. 

Incomplete removal of water, which is held tenaciously by 
the silica. Furthermore, weighing of th(‘ residue should be done 
quickly, as the finely divided silica tends to absorb moisture. 

Two general procedures will be given for treatment of the acid 
decomposable and undecomposable silicates. It is frequently ad- 
visable to use these two procedures in conjunction, extracting the 
material first with acid, and then fusing the insoluble residue with 
sodium carbonate; this procedure is used when a gritty residue re- 
mains after the acid extraction. 


DECOMPOSITION OF THE MATERIAL, 

GENERAL PROCEDURES 

^ Silicates Decomposed by Acids 

Acid Extraction of the Silicates. — 0.5 to 1 gram of the finely pul- 
verized material jdaced in a beaker or casserole is treated with 10 
to 15 cc. of water and stirred thoroughly fo wet the powder.^ It 
is now treated with 50 to 100 cc. of strong hydrochloric acid and di- 
gested on the water bath for fifteen or twenty minutes with the 
beaker or casserole covered by a watch-glass. If there is evidence of 
sulphides (pyrites), etc., 10 to 15 cc. of concentrated nitric acid are 
now added and the containing vessel again covered. After the re- 
action has subsided, the glass cover is raised by means of riders and 
the mixture evaporated to dryness on the w^atcr bath. (This evapo- 
ration may bo hastened by using a sand bath, boiling down to small 
bulk at comparatively high temperature, then 1o dryness on the 
water bath. Decomposition is complete if no gritty particles remain. 
A flocculent residue will often separate out during the digestion, due 
to partially dehydrated silicic acid, hydrated silicic acid, 81(011)4, is 
held in solution.) The silicic acid is converted to silica, 8i02, the 
residue taken up with dilute hydrochloric acid, silica filtered off, 
washed with water, acidified with hydrochloric acid, and estimated 
according to the procedure given later. 

Silicates Not Decomposed by Acids 

Fusion with Sodium Carbonate or Sodium Bicarbonate. — 0.5 to 

1 gram of the air-dried, pulverized ^sample is placed in a large plati- 
num crucible or dish in which has l)eeA placed about 5 grams of an- 

^ Water is added to the sample and then acid, as .strong acid added directly 
would caus6‘ partial separation of gelatinous silicic acid, which would fonn a 
covering on the undecomposed partiides, prptcictmg them from the action of 
the acid, . 
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hydrou8 sodium carboiiato. Tho sample is thoroughly mixed with 
the carbonate by stirring with a dry glass rod, from which the ad- 
hering particles are brushed into the crucible. A little carbonate is 
sprinkled on the top of the mixture and the receptacle covered. It 
is heated to dull redness for five minutes and then gradually heated 
up to the full capacity of a Meker burner. When the mix has melted . 
to a quite clear liquid, which generally is accomplished with twenty | 
minutes of strong heating, a platinum wire with a coil on the im- 
mersed end is inserted in the molten mass, and this allowed to cool. 
The fusion is removed by gently heating the crucible until the out- 
side of the mass has melted when the charge is lifted out on the wire, 
and after cooling disintegrated by placing it in a beaker containing 
about 75 cc. dilute HC'l (1 part HCl to 2 parts of H 2 O), covering the 
beaker to prevent loss by spattering. The crucible and lid are cleansed 
with dilute hydrochloric acid, adding this acid to the main solution. 
When the disintegration is complete, the solution is evaporated to 
dryness and silica is estimated a< cording to directions given later. 

If decomposition is incomplete, gritty material will be found in 
the beaker upon treatment of the fu.sion with dilute acid. If this is 
the case, it should be filtered off and fused with a second portion of 
sodium carbonate, and the fusion treated as directed above. 

Notes. Fusions with soluble carbonates arc generally best effected with 
the sodium salt, except in fusions of niobates, tantalates, tungstates, where 
the potassium salt is preferred on account of the greater solubility of the potassium 
compounds. Sodium alone has an advantage over the mixed carbonates, NasCOs 
+ KaCOs, as silica has a high melting-point and a flux, which fuses at 810® C., 
is more apt to cause disintegration of the silicate than the mixture, which melts 
at 690® C. 

Prolonged blasting is undesirably as it renders the fusion leas soluble. Alu- 
minum and iron are also rendered difficultly soluble, when their oxides are heated 
to a high temperature for some time. 

Iftoe melt is green^ it is best to dissolve out the adhering melt from the 
crucible with dilute nitnc acid, as a manganate (indicated by the cfilor), if pres- 
ent, will evolve free chlorine by its action on HCl and this would attack the 
platinum. 
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PROCEDURE FOR THE DETERMINATION OF SILICON 
AND SILICA 

As has been stated, the gravimetric method for determination of 
silica is the only satisfactory procedure for estimation of this sub- 
stance. The oxidation of the element and its isolation have been 
dealt with in the section Preparation and Solution of the Sample. 
The following directions are for purification and final weigliing of the 
element in the form of its oxide, silica, SiOa. 

Extraction of the Residue — First Evaporation. — The residue, ob- 
tained by evaporation of the material after decomposition of the sili- 
cate, by acids or by fusion, as the case required, is treated with 15-25 
cc. of hydrochloric acid (sp. gr. 1.1), covered, and heated on the water 
bath 10 minutes. After diluting with an equal volume of water, 
filtration is proceeded with immediately, and the silica is washed 
with a hot solution consisting of 5 cc. of hydrochloric acid (sp. gr. 1 . 2) 
to 95 cc. of water and finally with water. This filtration may be per- 
formed with suction. The filtrate and washings are evaporated to 
small volume on a sand bath and then to dryness. This contains 
the silica that dissolved in the first extraction. 

Second Evaporation. — The residue obtained from evaporation of 
the filtrate is dehydrated for 2 hours at 105-110® C. and extracted 
with 10 cc. of hydrochloric acid (sp. gr. 1.1), covered, and heated on 
the water bath for ten minutes diluted to 50 cc. with cold water and 
filtered immediately, without suction. The residue is washed with 
cold water containing 1 cc. of concentrated hydrochloric acid to 99 cc. 
of water, the washed residue containing practically all the silica, that 
went into solution in the first extraction, is combined with the main 
silica residue. This is gently heated in a platinum crucible until the 
filters are thoroughly charred, and then ignited more strongly to de- 
stroy the filter carbon and finally blasted over a Meker burner for 
at least thirty minutes, or to constant weight, the crucible being 
covered. After cooling, the silica is weighed. For many practical 
purposes this residue is accepted as silica, unless it is highly colored. 
For more accurate work, especially where contamination is suspected 
(silica should be white), this residue is treated further. 

Estimation of True Silica. — Silica may be contaminated with BaS04, 
TiOii, AI2O3, Fe203, P208 combined (traces of certain rare elements 
may be present). The weighed residue is treated with 3 cc. of water, 
followed by several drops of concentrated sulphuric acid and 5 cc. 
of hydrofluoric acid, HF (hood). After evaporation to dryness, the 
crucible is heated to redness and again cooled and weighed. The loss 
of weight represents silica, SiOj. 

Notes. Lenher and Tniog make the following observations for deteimining 
silica: ^ 

1 Victor Lenher and Emil Truog, Jour. Am. Chem. Soc., 38, 1050, May, 1916. 
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1. In the sodium carbonate fusion method with silicates, there is always 
a non-volatile residue when the silica is volatilized with HF and H^Oi. 

2. The non-volatile residue contains the various bases, and should be fused 
with sodium carbonate and added to the filtrate from the silica when the bases 
are to be determined. 

3. In the dehydration of the silica from the hydrochloric acid treatment of 
the fusion, the temperature should rifever be allowed to go above 110°. 

4. Dehydrated silica is appreciably soluble in hydrochloric acid of all 

strengths. With the dilute acid used, this error is almost negligible. f 

5. Dehydrated silica is slightly soluble in solutions of the alkaline chloridesL 

As sodium chloride is always present from the sodium carbonate fusion, ad 
inherent error is obviously {hus introduced. \ 

6. The dehvdrated silica along with the mass of anhydrous chlorides must \ 
not be treated first with water, .siin^e hydrolysis causes the formation of insoluble \ 
basic chlorides of iron and aluminum, which do not dissolve completely in HCl. ; 

7. Hydrochloric acid (sp.gr 1 1) m minimum amount should be used first \ 
to wet the dehydrated chlorides and should be followed by water to bring the ' 
volume to about 50 cc., after which the silica should be filtered off quickly. 

8. Pure silica corne.s quickly to constant weight on ignition. Slightly im- 
pure silica frequently reiiuires long heating with the blast flame in order to 
attain constant weight, and is then commonly hydroscopic. 

9. Evaporations of the acululaicd fusion m porcelain give practically as 

good results as when platinum is used. • 

10. Filtration of the main bulk of the silica after one evaporation is desirable, 
inasmuch as the sijica is removed at once from the .so lutions which act as solvents. 

11. Dehydration of the silica under reduced pressure has no advantages 
over the common evaporation at ordinary atmospheric pressure. 

12. Excessive time of dehydration, viz , four hours, possesses no advantages. 

13. Excessive amount.s of .sodium carbonate should be avoided, since the 
sodium (chloride subsequently formed exerts a solvent action on the silica. The 
best proportions arc 4-5 of sodium carbonate to 1 of silicate. Less than 4 parts 
of sodiuin carbonate is frequently insufficient to decompose many silicates. 

14. The non-volatile residue has been found to be invariably free from 
sodium. Pure silica, on iusion with soihum carbonate, subsequently gives no 
non-volatile residue. 


Fluorides. — In presence of fluorides the melt is extracted with 
water (an acid extraction would volatilize some of the silica), and the 
extract filtered off from the insoluble carbonates. To the filtrate is 
added about 5 grams of solid ammonium carbonate, and the mix 
warmed to 40° C!) and allowed to stand for several hours. The greater 
part of the silica is precipitated. This is filtered off and washed with 
water containing ammonium carbonate. Pre.serve this with the in- 
soluble carbonate for later treatment. The filtrate, containing small 
amounts of silicic acid, is treated with 1 to 2 cc. of ammoniacal zinc 
oxide solution (made by dissolving C.P. moist zinc oxide in ammonia 
water). The mixture is boiled to expel ammonia and the precipitate 
of zinc silicate filtered off. The precipitate is washed into a beaker 
through a hole made in the filter, and the adhering material dissolved 
off with dilute HCl, enough being added to dissolve the remaining 
residue. I'liis is evaporated to dryness and silica separated as usual. 
Meantime the insoluble carbonate is dissolved with HCl, evaporated 
to dryness and any silica it contains recovered. Finally all three 
portions of silica are combined, ignited and silica estimated as usual. 
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INDUSTRIAL PRODUCTS AND RAW MATERULS 
Analysis of Silicate of Soda 

Detennination of NaaO. — Five* grams of the sample are dis- 
solved in about 150 cc. of water and heated; 1 cc. of phenolph- 
thalein is added and then an excess of standard sulphuric acid from 
a burette. The excess acid is titrated with standard sodium hydroxide 
to a permanent pink. 

H2SO4 X 0.6321 = NaaO. 

Silica. — Ten grams of the samiile are acidified with hydro- 
chloric acid and evaporated to dryness on the steam bath. The 
treatment is repeated with additional hydrixddoric acid and then the 
residue taken up with 5 cc. of the a(ud and 200 cc. of water. The 
residue is digested to dissolve the soluble salts, filtered, washed and 
ignited. Silica is dete^rmined by loss of weiglit by volatilization of the 
silica with hydrofluoric and sulphuric acids. The filtrate is made to 
1 liter. 

Iron and Aluminum. — Five hundred cc. (5 grams) of the filtrate 
from the silica determination are oxidized with UN Os and the iron 
and aluminum precipitated with ammonia, washed, ignited and weighed 
as FcaO,! and ALOs. The residue is dissolved by digestion with hy- 
drochloric acid or liy fusion with sodium acid sulphate, and subsequent 
solution in hydrochloric acid. Iron is determined by titration in a 
hot hydrochloric acid solution with standard stannous chloride, 
SnCL, solution as usual. If only a small amount of precipitate of 
iron and alumina is present, as is generally the case, solution by 
hydrochloric acid is preferable to the fusion with the acid sulphate. 
The latter is used with larger amounts of the oxides. 

Lime, CaO. — This is determined in the filtrate from iron and 
alumina by precipitation as the oxalate and ignition to CaO. 

Magnesia, MgO. — This is determined in the filtrate from lime 
by precipitation with sodium ammonium phosphate. The precipitate 
is ignited and weighed as Mg^PsOy and calculated to MgO. Pre- 
cipitate X 0.3621 = MgO. 

Combined Sulphuric Acid — One hundred cc. of the filtrate from 
the silica determination (= 1 gram) is treated with BaCL solution 
and sulphuric acid jirecipitated as BaS 04 . 

BaS 04 X 0.4202 - H,S04 or X 0.3430 = SO 3 . 

Sodium Chloride. — Ten grams of the silicate of soda are dissolved 
in 100 cc. of water and made acid with HNO 3 in slight excess and 
then alkaline with MgO. Cl is titrated with standard AgNOa solution. 
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Water. — Tliis is determiuea either by diflerence or by taking 
10 gi*ani8 to dryness and then heating over a flame and blasting to 
constant weight. 

Note. For detailed procedures for each of the alK)vc see s|)(Mdal subject. 


Analysis of Sand, Commercial Valuation j 

Silica. — Two grams of the finely ground material are fused in a 
platinum crucible with 10 grams of fusion mixture (KiCOs + Na 2 C 03 )\ 
by heating first over a low flame and gradually increasing the heat to\ 
the full blast of a Mekcr blast lamp. When the fusion has become \ 
clear it is cooled by pouring on a large platinum cover. The fused \ 
mass on the cover and that remaining in the platinum crucible are 
digested in a covered beaker with hot hydrochloric acid on the steam 
bath. The solution is now evaporated to dryness, taken up with a 
little water and 25 cc. of concentrated HCl and again taken to dryness. 
Silica is now determined by the proc.edure outlined uii^ler the general 
method. 

Ferric Oxide and Alumina. — The filtrate is oxidized with crystals 
of solid potassium chlorate, KCJlOa, and iron and aluminum hydroxides 
precipitated with ammonia. The precipitate is filtered, washed, 
ignited and weighed as FeaOa + AI2O3. 

Calcium Oxide. — To the ammoiiiacal filtrate 10 cc. of ammonium 
oxalate solution are added, the solution heated to boiling and the 
precipitate allowed to settle until cold. The solution should not be 
over 200 cc. The calcium oxalate is filtered off, washed and ignited. 
The residue is weighed as OaO. 

Magnesium Oxide. — Tlie filtrate from the lime is made strongly 
ammoniacal and 10 cc. of sodium ammonium phosphate added. The 
solution during the addition is allowed to stand cold for some time, 
at least an hour. The precipitate is filtered and washed with dilute 
ammonia (1 of reagent to 3 parts of water), then ignited and weighed 
as MgaPaO?. This weight multiplied by 0.3621 = MgO. 

For more detailed directions see the individual subjects under the 
chapters devoted to the element. 
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SILVER 

Ag, at.wt. 107.88; sp.gr. 10.60-10.67; m.p. 960.6° C.; b.p. about 1960° C.; 
oxides, Ag 20 , Ag 40 , AgaOa 


Silver is determined in copper, lead, silver, sulphur or other ores, 
in copper and lead furnace by-products, and in lead by furnace assay 
methods, in which a preliminary acid treatment of the sample is 
rarely employed; in native copper ore, in copper, copper alloys, gold, 
gold alloys and in the slime from the electrolytic refining of copper or 
lead by furnace methods, in which a preliminary acid treatment of 
the sample is employed, in silver alloys by volumetric or gravimetric 
methods; in mercury by a gravimetric method; in cyanide mill 
solution or solutions containing much organic matter by furnace 
process on the residue obtained by evaporation or precipitation; in 
silver plating electrolyte by electrolysis. 

OCCURRENCE 

Silver is found as metallic silver, often in large pieces, but more 
commonly in combination as silver glance, argentite, silver-copper 
glance, stromeyerite, etc. Among the more important minerals arc 
the following: 

Minerals. — Native Silver . — The metal may be alloyed with Au, 
Pt, Cu, Sb, Hg, Bi. Silver is a white, malleable metal, tarnishing 
brown to nearly black, it is opaque and has a metallic lustre; streak 
silver white; hardness 2,5-3. The metal occurs in scales, twisted 
filaments, and in masses. The metal on charcoal fuses in the blowpipe 
flame to a white metallic globule. Silver dissolves in nitric and in 
sulphuric acid. Hydrochloric acid added to the silver solution pre- 
cipitates a white curdy compound AgCl, which darkens on exposure 
to the light. 

Argentite, Silver Glance, AgzS, is a soft, black, opaque, sectile 
mineral, with metallic lustre; lead-gray streak; hardness 2-2.5. It 
occurs as masses, grains or as incrustations. 

Hessite, (Ag, Au) 2 Te, a fine grained, massive, opaque mineral 
with metallic lustre, steel-gray; streak, black; hardness 2-2.5. 
The crystals are also coarse granular. 

Promtite, Light Ruby Silver, 3A^2S.As2S.3, a brittle, translucent to 
transparent, scarlet-vermillion color with similar colored streak; ada- 
mantine to brilliant lustre; hardness 2-2.5. 

Pyrargyrite, Dark Ruby Silver,* SAgS.SbaSj, a black opaque, or 
translucent mineral purple-red by transmitted light; brittle; purple- 
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red streak; hardness 2.o. Usually occurs massive or in films, may be 
crystalline, 

Cerargyrile, Horn Silver, AgCl, a pearl gray, greenish mineral which 
darkens in the light to violet, brown and finally black; translucent; 
sectile; lustre, resinous; shining white streak; hardness 1-1.5. 

Other minerals Amalgam, 'AgoHga to AgacHg; Siromeyerite, 
(CuAg) 2 S; Stephamle, Ag 6 SbS 4 ; Polybasite, 9Ag2S.Sb2S8; Bromyrite, AgBi^: 
Emholite, Ag(Br,Cl) ; lodyrite, Agl. 

✓ suggestion to students ^ 

Determine silver in a solution of silver nitrate or in a silver alloy dis.solved in . 
nitric acid, both gravimetrieally as silver (ihloride and volumetrieally, preferably \ 
by Volhard’s Thiocyanate method as outlined under the methods for silver. 


DETECTION 

A trace of silver in must substances is detected^, with greatest 
certainty by furnace assay methods. 

The wet method of detection of silver most commonly practiced, 
depends upon observation of the properties of the precipitate formed 
by the addition of a not excessive amount of alkaline chloride to a 
cold nitric or sulphuric acid solution of the substance undergoing 
examination. One-tenth milligram of silver precipitated as silver 
chloride in a cold 200 cc. acid solution gives a very perceptible opales- 
cence to the liquid. 

Silver chloride is white when freshly precipitated, tinted pink when 
palladium is present ; in colorless liquids on exposure to light turns 
brown, violet, blue or black. By agitation, heating or long standing 
the precipitate becomes coagulated or granular and in such a state 
is retained by an ordinary filter. The presence of some forms of 
organic matter prevents coagulation. 

Silver chloride is dissolved by concentrated hydrochloric acid; 
raising the temperature of the acid assists the action. It is dissolved 
by sodium thiosulphate, alkali cyanides, mercuric nitrate, and alkaline 
chlorides. 

From mercurous chloride, silver chloride, except when constituting 
a small proportion of the precipitate, is distinguished by its solubility 
without decomposition in ammonia. Precipitation from its ammonia- 
cal solution is accomplished by acidifying. Lead chloride, precipitable 
also by hydrochloric acid, is not flocculent, does not coagulate, but 
dissolves quite freely by heating. Addition of hydrochloric acid to a 
solution of silicon, tellurium, thallmm, tungsten or molybdenum may 
produce a precipitate, in each case, easily distinguishable from that 
of silver chloride, but may mask traces of the salt. 

Silver, in a cold solution containing free nitric acid; only a small 
amount of colored salts and no mercury, may be detected through 



METALLURGICAL ANALYSIS 


619 


the formation of a white precipitate, similar in appearance to silver 
chloride, by addition of a slight excess of an alkaline thiocyanate. 

When a solution of silver salt is added to a mixture of 20 cc. 
ammonium salicylate (20 grams, of salicylic acid neutralized with am- 
monia, a slight excess added and the whole made uj) to 1000 cc.) 
and 20 cc. of a 5 % solution of ammonium persulphate added, an 
intense brown color is produced, which will detect the presence of a 
0.01 milligram of silver. Lead does not affect the test. 

When it appears that the chloride or thiocyanate test for silver 
is not positive on account of the presence of other precipitable ele- 
ments, the precipitate, after it settles, is filtered through the finest 
quality of paper, and the mixture of the ash of the incinerated filter 
with dry potassium carbonate heated on charcoal with a mouth 
blowpipe. If silver is present and not associated with a large amount 
of palladium, there will be found on the charcoal pellicles of the color 
characteristic of silver, which have no white or yellow sublimate 
when melted in the oxidizing flame of the blowpipe. The pink palla- 
dium salts of .silver precipitated by a chloride or thiocyanate before 
the blowpipe produces metal which is dull in appearance and not 
readily melted. 

Notes. Silver may be recognized in a solution of concentration 1 to 240,000 
by the reduction of its salts with alkaline formaldehyde. Whitby’s method of 
detection and estimation of small amounts of silver depends upon the formation 
of a yellow color through addition of HUcro.se and sodium hydrate. Ammonium 
hydrate interferes, but bismuth, cadmium, copper, mercury of either valence, lead 
or zinc, in amounts equal to that of the silver, do not. Malatestaand DeNola 
add to the solution to be tested a few drops of a solution of nitrate of chromium 
and then potassium hydi-atc to alkalinity A browmish turbidity or black pre- 
cipitate of silver oxide forms. The limit of sensitiveness is 0.5 milligram in 100 cc. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION 
OF SILVER 

PRECIPITATION AS SILVER CHLORIDE 

Introductory. — Although silvor might be determined as an iodide 
or bromide, the fact that these halides are more sensitive to lighjL 
than the cliloride, and decompose more readily, with liberation of the 
halide and the formation of sub-halides, has led to the precipitation 
of silver as the chloride. ^ 

Reaction. AgNO^ + HCl = HNO3 + AgCL ' 

Reagents. Hydrochloric Acid. — One volume of strong HCl (sp.gr- 
1.10) diluted with five volumes of water (sp.gr. of dilute HCl 1.035); 
1 cc. contains 0.074 g. of HCl, equivalent to 0.210 g. of Ag. 

Nitric Acid. — One volume of strong HNO3 diluted with 1.6 
volumes of water, (sp.gr. of acid is 1.2) 1 cc. contains 0.38 g. of HNO3, 
which would dissolve 0.64 g. of Ag. 

1. Preparation of the Samphi. — Solution. Silver — Place 

0.5- 1.0 gram of the alloy in an Erlenmeyer flask and add 5 cc. of the 
dilute nitric acid. Heat gently until the alloy is dissolved and the 
brown fumes are expelled. The solution is now diluted to about 
100 cc. and the silver precipitated as stated below. 

Soluble Silver Salts. — The salt is weighed into a weighing bottle; 
1. 0-2.0 grams are sufficient for a determination. The solution is now 
diluted to about 100 cc. and the silver precipitated as stated below. 

The Halides of Silver. — These are best brought into solution by 
fusion with about six times the weight of the sample of sodium car- 
bonate. This converts the silver into the carbonate and the halide 
combines with sodium and is dissolved out in water. The silver 
carbonate is washed free of the halide and then dissolved out in 
dilute nitric acid. 

Ores of Silver. — These may be brought into solution by digestion 
with nitric acid, the residue remaining is treated as stated above 
under halides of silver. Unless the ore is very high in silver it is 
preferable to make the analysis by Fire Assay. 

2. Precipitation of Silver Chloride. — Heat the solution to boiling 
and add from a burette drop by drop, 5 cc. of dilute hydrochloric acid. 
This is sufficient to precipitate over 1 gram of silver. The excess of 
acid is desired as the chloride is less soluble in free hydrochloric acid. 

Note. The chloride is soluble in strong hydrochloric acid, hence a large 
excess is undesirable. Shaking or vigorously stirring the mixture will clear a 
cloudy solution. This is necessary to coagulate the silver chloride, as the fine 
suspended silver chloride will pass througli the filter papt^r. 

3. Filtration: (Procedure if Filter Paper is Used). — Decant the 
clear solution into the fdter. Tost the filtrate with a drop of dilute 
HCl to make sure all the silver is precipitated. Now wash two or 
three times by decantation, using hot water containing 1 cc. of HNO3 
per 100 cc. of distilled water. Transfer the silver salt to the fil};er and 
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continue washing until free frotn chlorides. Six to eight additionill 
washings should be sufficient. 

4. Dry the filter and silver salt in the oven at 100-110 degrees C. 

5. Remove as much of the silver chloride as possible from the 
paper, i)lacing the salt on a glazed sheet of paper, covering it with a 
watch glass. 

6. Ig7iite the filter in a crucible (whose weight lias been ascer- 
tained), then add to the ash a drop of nitric acid and a drop of 
hydrochloric acid. Heat gently to expel thti acids. (Handle the 
crucible with tongs. Do not place on the table.) 

7. Transfer the chloride from the glazed paper to the crucible and 
heat gently until the salt just liegins to fuse on the sides of the crucible. 

8. Cool in a desiccator for fifteen to twenty minutes. 

9. Weigh as AgCJl, making an allowance for the weight of the 
crucible. AgCI X 0 7526 gives the w^eight of Ag in the salt. 

10. Calculate the per cent silver from the weight of sample taken. 

3a. Procedure if a Gooch Crucible is Used. — Pnjparc a Gooch 

crucible with fairly thick pad of asbestos fibre (1/8 in. thick). Wash 
once with alcohol and dry to constant weight at 110 degrees C. 
Keep a record of the weiglit. 

4a. Wash the preci])itate by decantation, pouring the washings 
through the Gooch, with application of suction. Transfer the chlo- 
ride to the crucible and wash free of chlorides. 

5a. Finally wash once with alcohol and dry at 110 degrees C. to 
constant weight. 

6a. Calculate the percentage of silver as directed in the first 
method. 

Notes. Soluhility of the silver halides. Milligrams of salt per 1(X) cc. of 
water. AgCl 0.00017; A gBr 0.00004; Agl 0.00001. 

Interferences. — Antimony, mercury, and lead interfere and should be re- 
moved if present. 

Paper is separated in the first procedure as the carbon reduces the salt to 
metallic silver, causing low results. 

Gooch. — If the asbestos fibre is poor a loss of the fibre will occur during wash- 
ing of the precipitate, eausiiig low results. 

Light. — Strong light will affect the salt causing the formation of the sub- 
halide of silver and the liberation of chlorine. A drop of nitric followed by a 
drop of hydrochloric acid will restore the original form. This treatment is 
necessary only when a dark colored salt is obtained by light, action. 

Large Samples. — It is frequently advisable to dissolve larger samples than 
stated. The solution is made to 500 cc. and a portion taken for analysis. 

Solubility. — Nitric acid, dilute or concentrated, attacks silver 
rapidly when hot. The presence of a soluble chloride, iodide or bro- 
mide in the solvent or substance will retard and may prevent solution. 
Unless oxidizing agents are present, dilute sulphuric acid has practi- 
cally no action on massive silver, but hot, strong acid commences 
to be an active solvent at a concentration of 75% H28O4. Hydrochloric 
acid attacks silver superficially. The action of alkaline hydrates or 
carbonates in solution is inappreciabte ; in a state of fusion, slight. 
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DETERMINATION AS SILVER CYANIDE 

In the analysis of mercury, the nitric acid solution of the metal is 
nearly neutralized with a solution of sodium carbonate. Potassium 
cyanide solution is then added uxitil the i)recipitatc, which first forms, 
is dissolved. Then under a hood with strong draft, dilute nitric acid 
is added in slight excess of the (luaiitity reciuired to combine with the 
base in the amount of i)otassiuin cyanide present. The precipitate mf 
silver cyanide, practically insoluble in dilute nitric or hydrocyanic 
acid, is coagulated by stirring or long standing and filtered from tl\e 
cold solution of mercuric nitrate by use of a tared paper-bottomed 
Gooch crucible. The ])recipitatc is washed with cold dilute nitri^ 
acid (1-10) until a test of the washings wuth hydrogen sulphide shows 
the absence of mercury. The crucible is dried at 100° to constant 
weight, 

AgC’N X 0.8057 = Ag. 

Notes. Dc'tcrrmnatjon of silvtr as metal through procipitiition with hypo- 
phosphorous acid ^ as silver sulphide or as silver chromate - arc methods of 
doubtful technical ap])hcation 


Electrolytic Method 

According to the strength of tin* silver bath 10 or 20 cc. are 
filtered into a tared 200 cc. idatinum dish and according to the greater 
or smaller excess of cyanide present, 0.1 to 1 gram of potassium cyanide 
in solution is added. The electrolyte diluted to about a half inch 
fn)m the edge of the dish is kept, by a flame underneath, at a tem- 
perature of 00° — 05° C. during the period of electrolysis at N.D.ioo 
* 0.08 amp. 

Complete precipitation, which reejuires three to three and a half 
hours, is recognized by test with ammonium sulphide. Without 
interruption of the current, by use of a siphon, displacement of the 
electrolyte with water is accomplished. The dish is rinsed with alcohol 
and ether, dried at 100° C., weighed and silver obtained calculated to 
grams per liter or cubic foot. 

Notes. Benner and Ross* deposit 0.15 ^am in twenty minutes with a 
current of 3 amperes from 50 cc. of electrolyte containing 8 grams of potassium 
cyanide and 2 grams of ]wtassium hydrate on a 9-gram platinum gauze cathode. 

Exner using a [>latinum dish as the cathoefe and a 2 in. diameter bowl- 
shaped spiral anode revolving 700 R.P.M., deposited 0.4900 CTam from about 
125 cc. of a hot electrolyte containing 2 grams potassium cyanide in ten minutes 
at N.D.ioo 2 amps. 

The above methods presume the absence of other metals precipitable under 
the conditions mentioned. 


* Mawrow and Mollow, Zeit anorg. Chem., 61, 96. 

* Gooch and Bosworth, Am. J. Sci.^ 27, 241. 

® Langbein, “Electro-Deposition of Metals,’^ 6th Ed. 

* J. A. C. S., July, 1911, 1106. * 
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VOLUMETRIC METHODS FOR DETERMINATION OF 
SILVER 

VOLHARD’S THIOCYANATE METHOD 

This method is especially adapted to the determination of silver 
in cold dilute nitric acid solution. The method is based on the 
i;reater affinity of silver ions than ferric for thiocyanate ions. When 
the silver has been precipitated as thiocyanate the ferric indicator 
reacts with the thiocyanate producing the characteristic red color. 

Reactions: AgNOs + KCNS - KNO3 + AgCNS ppt. 

re(N03)s + 3KCNS = SKNOs + Fc(CNS)3 red 

Note. Mercury and palladium, highly colored salts of cobalt and nickel, 
copper if over 60% in the sample, nitrous acid and chlorine interfere and should 
be absent. , 

Standard Solution. — Ferric Indicator. — Make 100 cc. of a satu- 
rated solution of ferric ammonium sulphate or ferric sulphate. 
Add sufficient HNO3 (freed from nitrous acid by heating) to clear \i]) 
the solution and produce a pale yellow color, 5 cc. of this reagent is 
used in a test. 

Standard Silver Solution. — A N/10 solution contains per liter 
10.788 grams of silver, or 16.989 grams of AgNOa. A solution con- 
taining 0,005 grams of Ag per cc. is a convenient strength. 

Dissolve 1.0 gram of pure silver foil in 10 cc. of dilute HNO 3 , 
1:1.6 (sp.gr. 1.2). Boil to expel the nitrous oxides and dilute to 
200 cc. 1 cc. will contain 0.005 grams of silver. 

Thiocyanate Reagent. — Dissolve 7.4 grams NH4CNS or 9.2 grams 
of KCNS in water and dilute to 1,000 cc. Standardize the solution 
against the standard silver solution. 

Standardization. — Measure 50 cc. of the standard silver solution 
Into a beaker or an Erlenmeyer flask and dilute to 100 cc. 

Add 5 cc. of the ferric indicator. 

Titrate with the thiocyanate reagent until a permanent red tint 
is obtained. Each addition of the reagent will produce a temporary 
red color which fades immediately as long as any silver remains un- 
combined with the thiocyanate. A trace of excess of the reagent 
produces a permanent faint red color. 

Note the cc. required and calculate the value of 1 cc. in terms of 
silver. 50 cc. of the standard silfer solution contains 0.25 g. of Ag. 

Home prefer to have the tliioeyanate exactly equal in strength to 
the silver solution. Should this be desired, dilute to the necessary 
volume and again standardize agaihst the silver solution. 

The value of 1 cc. should be recorded on the container. 
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Determination of Silver in the Unknown 

Weigh 0.25-0.3 gram of the alloy and dissolve in an Erlenmeyer 
flask by addition of 5 cc. of dilute HNO3 (sp.gr. 1.2) Heat to expel 
lower oxides. 

Cool, dilute to about 100 cc. and add 5 cc. of the ferric indicatoi^. 

Titrate with the standard tliiocyanate reagent to a permanent 
faint red color. V 

From the cc. of the reagent used, calculate the amount of silven 
present in the sample taken. \ 

Divide the result by the amount of sample taken and multiply'; 
by 100 = per cent Ag. in the alloy. 


GAY-LUSSAC METHOD 

This very accurate method is especially adapted to the valuation 
of silver bullion, but may be applied in princi])lc to the ^determination 
of silver in a nitric acid solution which contains as little as 100 milli- 
grams of the metal, providing the volume of the solution is not so 
large or color so deep as to make a precipitate of silver chloride 
equivalent to 0.1 milligram of silver indistinguishable. Metals that 
interfere arc mercury and tin. 

The method is founded upon the almost absolute insolubility of 
silver chloride or bromide in cold dilute nitric acid and the property 
of the precipitate becoming so completely coagulated through agitation 
that it settles speedily, leaving a liquid sufficiently clear to permit 
of observance of any precipitate produced by further addition of 
precipitant. 

Reactions: AgNOa + NaCl = NaNOs + AgCl [ 

AgNOa + NaBr = NaNOa + AgBr i 

The use of a bromide is preferable to a chloride salt as a reagent, 
chiefly because on account of the greater insolubility of silver bromide, 
the end-point of the operation of titration is more sharply defined. 

The presence of free sulphuric acid is prejudicial to a very close 
determination, because of the volume of liquid required to keep silver 
sulphate in solution, and also becau.se the result of agitation after 
addition of precipitant, is apt to be a fine precipitate which does not 
readily settle. 

Reagents. — The decimal salt solution is best made from C.P. salts, 
either 0.5149 gram of .sodium chlcfride or 1.1033 grams of potassium 
bromide per liter. 

The decimal silver solution is made by dissolving 1 gram of pure 
silver with a few cc. of nitric adid and making up to 1 liter with 
distilled water. 
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The factor of voliiino change per degree change of temperature 
from 15 to 21° C. approximately 0 00012; from 20 to 20®, 0.00019; 
from 25 to 31° C., 0.00024. 

Although tlie approximate precipitating value should be known by 
previou.s test, it is the better practice to determine the exact value by 
running two or more clu^cks of pure silver simultaneously with each 
batch of assays than to apply the temperature correction factor. 

Apparatus. — The apparatus required consists of a pipette which 
will deliver approximately 100 cc. with an accuracy of not over 5 



Fig. 104. Apparatu.s for Determining Silver. Gay-Lussac Method. 

milligrams variation in weight of the standard solution at constant 
temperature between successive deliveries, 10 cc. burettes with glass 
stopcocks; and 8-oz. narrow mouth, round, flint-glass bottles with 
high, tightly fitting stoppers ; the assay bottles should be of a quality 
which will endure heating in a steam bath or on a hot plate. 

Since the end-point by the Ga:^Lussac method depends upon the 
observance of cessation of prccipitati»)n, it is evident, in order to 
avoid undue tediousness in its operation, that the silver content of 
the amount of sample taken for assay should be known within a few 
milligrams. • 
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Procedure. — The approxiinato silver value having been deter- 
mined, such an amount of the sample is weighed out and placed in 
an assay bottle, as will contain silver in slight excess of the silver 
equivalent of the pipette full of standard salt solution. Ten to 15 cc. 
of nitric (1.26 sp.gr.) acid are added and the bottle kept in a steam 
bath or on a moderately hot plate lintil solution of silver is complete. 

To the cold solution of the sample is added a pipette full of t|he 
standard salt solution and the tightly stoppered bottle agitated until 
the precipitate will settle with sufficient completeness to permit \pf 
observance of any turbidity produced by addition of either of the decimal 
solutions. \ 

More agitation than is absolutely necessary should be avoided 
because of the increasing tendency of the precipitate toward the fine^ 
granular form, which settles slowly. 

On account of alteration of the character of the precipitate by 
sunlight, the titration should be carried out in a ^haded place and as 
expeditiously as possible. 

One^tenth cc. of the decimal salt solution is dropped ijito the bottle, 
and holding the bottle against a dark background, the appearance of 
the cloud of precipitate is noted. 

From the character of the precipitate, after some practice, it is 
possible to judge whether a single cc. or more may l^e added at once, 
or whether the titration must be continued by one-tenth cc. additions. 

Until the non-appearance of cloudiness indicates the end-point, 
the bottle should be agitated after each addition of salt solution. 

If the pipette full of standard solution is more than sufficient to 
precipitate the silver, or in case the end-point has been run over, 
decimal silver solution is added in 1 cc. portions until precipitation 
ceases. Decimal salt solution is then added cautiously until the end- 
point is reached. Completion of the titration should* always be with 
the decimal salt solution. Some confusion in judgi^nent of the end- 
point may arise, on account of the fact that an excess of sodium 
chloride produces turbidity. The appearance of the efioud so produced 
is characteristic, and can be distinguished after some practice from 
that exhibited when silver is still in excess. If bromide standard and 
decimal solutions are used, excess of the reagent produces a turbid 
film only after long standing. ; 

The silver value in milligrams of the standard solution, plus the 
number of cc. of decimal salt solution which produced a precipitate, 
minus the number of cc. of decimal silver solution radded, gives the 
amount of silver in the quantity of sample weighed c;ut. 

The result calculated to milligrams silver per gnam of sample is 
customarily reported in the case o£ silver bullion as points fineness. 

The accuracy of the method is limited by the qijiality of pipette 
and the skill of the operator. With a pipette which deilivers accurately 
an experienced operator can speedily make analyse^ in which the 
error is only of the order of plus or minus 0.1 miluigram of silver. 
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METHOD OF THE DENVER MINT 

U. S. Mint Modification of the Gay Lussac Method for Silver 

This method is used in all three of the United States Mints and 
the U. S. Assay Office, New York City, for determining silver in ingots 
and fine silver and has been found very satisfactory both as regards 
speed and accuracy. 

Standard Solutions. — Two standard salt solutions arc regularly 
used in the determinations. The first is called a “ normal ” and the 
second a decimal ” solution. 

The first or normal ” solution is made of such concentration that 
100 cc’s of it will precipitate exactly 1002 milligrams of silver. 5.43 
grams of C. P. sodium chloride are dissolved in water and diluted to 
make one liter of solution. It is kept in a large 40 liter carboy and is 
siphoned off as needed.* 

The decimal solution is made by diluting 100 cc’s of the normal ” 
solution to a liter. 


Standardization 

The normal solution must be standardized at frequent intervals 
because of temperature changes which affect the concentration of the 
solution. The factor of volume change per degree change of tempera- 
ture from 15 to 21 degrees C. is approximately 0.00012; from 20 to 
26 degrees, 0.00019; from 25 to 31 degrees, 0.00024. 

The standardization is carried out as follows* 

Solution and Precipitation. — A “ proof ” of 1004 milligrams of fine 
silver is carefully weighed out, placed in a glass stoppered 8 oz. bottle 
and dissolved in 10 cc’s of 1;1 nitric acid on a hot plate. Then 100 cc’s 
of normal ” salt solution, sufficient to precipitate 1002 grams of silver, 
are added from an upright stationary pipette. The pipette is filled 
by means of a siphon controlled by a stopcock convenient to the right 
hand. After filling, the left forefinger is placed over the pipette, the 
rubber hose connection removed from the bottom, and the bottle 
containing the dissolved proof placed underneath, when the forefinger 

* 40 liters are made up at one time by the Denver Mint. The strength 
of the solution may be regulated by the size of the pipette used. At the Eten- 
ver Mint 4.82608 grams per liter are taken of the C. P. NaCl, since the pipette 
delivers more than 100 cc. 

* Commimicated to the author by F. C. Bond, Humid Assayer, Denver 
Mint, Colorado. 
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is removed, allowing the contents to drain into the bottle, shaking the 
bottle once or twice to mix the solution. Then 2 cc’s of the decimal 
solution are added by means of a small pipette graduated in cc’s and 
held in the hand, and the stoppered bottle is placed in the shaker. 

The shaker violently agitates the solution and causes the precipitate 
to coagulate and settle. The bottle is removed after four minutes. 

More agitation than is absolutely necessary should be avoided, djie 
to the increasing tendency of the precipitate to become granular and 
settle slowly. \ 

Titration. — The bottle containing the coagulated precipitate i|s 
best placed upon a shelf in a window through which only reflected 
light enters, at such a height that the top of the solution is upon ^ 
level with or slightly above the eye. The shelf is backed by a blackened - 
board which covers the window under the shelf and extends nearly 
to the top of the bottle. 

The bottle stands a moment to allow the precipitate to settle and 
1 cc. of the decimal salt solution is added from the hand pipette. The 
solution is shaken by moving the top of the bottle tlwough a small 
arc once or twice and the reading is taken after 10 seconds. A slight 
white cloud forming at the top of the solution and more pronounced 
when viewed from below constitutes a “ show ” and indicates that only 
a small portion of the cc. added was needed to precipitate the 
remaining silver. This is the desired condition for a proof. 

The reading is taken as a ‘'show”, “ (quarter ”, “half”, “three 
quarters”, and “one”; according to the portion of the cc. of salt 
solution necessary to precipitate the remaining silver. If the cloud is 
deep enough to indicate that all of the cc. has been used, the bottle 
should be placed in the shaker and the precipitate coagulated, after 
which another cc. is added and the reading taken as before with the 
addition of one ce. 

The assignment of the proper value to the precipitate is difficult 
for the novice and experience in comparison is of much more value 
than any description could be. However it may be stated that a slight 
precipitate extending through the upper half of the solution after a 
slight uniform shake should be called a “ quarter ”, a precipitate of the 
same appearance throughout the solution is a “ half ”, a heavier pre- 
cipitate throughout is called “ three quarters ”, while a still denser 
precipitate is read “ one ” and should be confirmed by shaking and 
adding another cc., which should yield a “ show ”, a very faint 
cloudiness. 

The “ show ” of the proof influences the reading of the determina- 
tions and its appearance should be kept constantly in mind, since a 
“ quarter ” on a determination mc'kns that one quarter of a cc. more 
of the decimal salt solution was used in precipitating silver than was 
used in the proof. Thus the proof reading or “ show ” is taken as 
zero and the concentration of the* “ normal ” solution should be ad- 
justed so that the proof gives &s light a show as possible. 



METALLURGICAL ANALYSTS 


.529 


Procedure. — In tho following doterininalioiis it is advisable to 
run a standard of proof silver side by side with the sample bullion for 
comparative purposes. 

Fine Silver. — For silver bullion 998 parts fine or above a sample 
of 1005 milligrams is weighed out, dissolved, precipitated and titrated 
as described under Standardization.* 

In case 1 cc. was added, gave a heavy precipitate, was agitated, 
and a second cc. added wdiich gave a “ half”, the reading would be li 
and the silver would be 


100 2 + 11 

'To05 


1008.5 

1005 


- 998.5 fine. 


In case a large number of samples are to be run, tables may be 
prepared for each fourth of a cc. which will make the above calculation 
unnecessary. 

Coin Ingots. — In determining the silver in silver coins or in silver 
coin ingots as they come from the melting room, which are usually 
within IJ poiiits of 900 line, the sample weighed is 1115 milligrams. 
The color given to the solution by the cop])er base need not interfere 
with the titration. 


Notes on the Method 

Determinations may be made on silver bullion of almost any grade 
if the approximate fineness is previously determined by fire assay or 
the Volhard method. It is ordinary practice to weigh up the sample 
at the next higher even five milligrams above that calculated. Thus 
if it is found from ])reliminary assay that 1082 milligrams of bullion 
will contain approximately 1002 milligrams of silver, 1085 milligrams 
will be weighed out for a sample. 

Interfering Elements. — There are very few substances which will be found 
in bullion in sufficient quantity to interfere with the proiiess. The presence 
of free .sulphuric acid is detrimental to a very clo.se determination. 

The us(? of a bromide is considered as preferable to a chloride as a reagent 
but the chloride is commonly used. 

An eycsliade assists in making the readings accurately. 

The (dilonde precipitate is reduced to a blue sub-chloride on standing in 
the sunlight so that the bottle should be exposed to the light as little as possible. 

A set of twelve samples, with the bottles 
transported in a suitable wire frame, is usually 
run at one time. 

A decimal solution of silver nitrate of 
equal strength with tho decimal salt solution 
may be used for back titration, however the 
end-point is less distinct and it is advisable to 
weign out a larger sample. • 

Duplicates are commonly run. 

Tables giving the fineness for different 
classes of materials examined for each^ reading facilitate calculations and are 
recommended for use. 

To determine the L ^ and a beginnor should have a pipette, graduated 


7 o o o o 
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in 1 cc. holding 5 to 7 cc. length for hand use with one ec. divided in the i, i, 
and he should use the same until he is familiar with the density of precipitates 
produced by one cc. with silver etiuivalcnt to the above fractions. 

Weioht Taken 1115 mg. 
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No pipette is of use in the practice of the (lay-Lussac method which showrs 
any tendency to spatter at the beginning or enchng, or yields a quickly following 
or clinging drop at the completion of discharge The film of liquid adherent to 
the inner surface of the body of a good pipette will drain without sign of rivulet 
effect and be retained by the capillary of the discharge tube for at least a minute. 






METALLURGICAL ANALYSIS 


531 


STRONTIUM 

Sr'\ at.wt. 87.63; sp.gr. 2.64; m.p. 900° C; oxides SrO and SrOa 
OCCURRENCE 

Strontium never occurs free in nature. It is found principally in 
the ores celestite, SrS04, and strontianite, SrCOa. It generally 
accompanies calcium in the various forms of calcite and aragonite. 
It occurs with barium in barytocelestine, and is found in barytes. 
It also occurs associated with barium as a silicate in brewsterite, 
Al20a.H4(BaSr)03.(Si0.2)fl.8H20. It is found in traces in certain 
mineral waters and in sea- water. 

Minerals, -j- Strontianite^ SrCOa, colorless, pale yellowish, or green- 
ish white, also green and gray, brittle, translucent mineral with 
vitreous lustre; in masses of imperfect radiating needle-like crystals, 
also fibrous or granular; streak white; hardness, 3-3.5. 

Celestite^ Sr804, a white, translucent, nearly opaque mineral often 
with bluish or reddish tinge; brittle, pearly lustre; white streak; 
hardness 3-3.5. Occurs in tabular to prismatic crystals, cleavable 
masses and fibrous, rarely granular. Heavy resembling barite. 

DETECTION 

Strontium is precipitated with barium and calcium, in the filtrate, 
from the ammonium sulphide group, by addition of ammonium car- 
bonate to the ainmoniacal solution. The precipitate is dissolved in 
acetic acid and treated with potassium dichromate, and the barium, 
filtered off as BaCr04. Strontium and calcium in the filtrate are 
separated from the excess of potassium chromate by reprecipitation 
as carbonates by the addition of ammonium carbonate, the precipitate 
again dissolved in acetic acid and the excess of free acid neutralized 
with ammonia. Strontium may now be precipitated from the con- 
centrated solution by boiling with an equal volume of a saturated 
solution of calcium sulphate. 

Sodium Sulphate Test. — A saturated solution of the salt added 
to a solution containing strontium chloride, made strongly acid with 
acetic acid, and the mixture boiled, will produce a distinct precipitate 
if strontium exceeds 0.0015 uorindl. Calcium does not precipitate 
until 1.3 normality is reached. 

Flame Test. — Strontium, preferably in the form of the cliloride 
in a hydrochloric acid solution, placed on a platinum loop and held 
in a colorless flame, colors the fiame crimson. (Lithium gives a red 



532 . 


METALLURGICAL ANALYSIS 


color, calcium a yellowish-red.) The test is best confirmed by means 
of the spectroscope. 

The Spectra of Strontium. — Eight bright bands; 6 are red, 
1 orange, 1 blue. Two of these, known as strontium ^ and y, are 
red, the orange is strontium a and the blue strontium 8 . The delicacy 
of the test is 0.6 milligram of Sr per cc. The test is very much more 
delicate with the arc spectra, e.g., 0.03 milligram of Sr per cc. See 
chapter on barium, Preliminary Tests under Separations. 
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METHODS OF ANALYSIS 

Preparation and Solution of the Sample 

The following facts regarding solubility may bo of value in the 
determination of strontium. 100 cc. of water dissolves 1.74 grams 
Sr(011)2.H20 at 20^^ C. The hydroxide is less soluble than that of 
barium. The peroxide dissolves to the extent of only 0.008 gram per 
100 cc. 20° C. One hundred cc. of water dissolves 0.0011 gram ^ of 
SrCO.i(18°) ; 0.0114 gram of SrS()4 at 18° and 0.0104 at 100°; the 
presence of sulphuric acid decreases this solubility, i.e., 0.00083 gram of 
SrS04; 0.0051 gram of SrC204.H20 at 18° and 5 grams at 100° C.; 
the presence of oxalic acid decreases this solubility. The sulphate 
dissolves in concentrated sulphuric acid, and is appreciably soluble 
in HCl, HNO3, HC2H3()2, NII4CI, NH4NO3, NaCl, MgCl,. The 
carbonate and oxalate are soluble in mineral acids. 

The procedure for the treatment of ores and strontium products 
is the same as those described for barium and calcium. We refer to 
the chapters on these elements for the preparation of the strontium 
solution. 

Separation of Strontium from Magnesium and the Alkalies. — 

The procedure is the same as the one given in detail under barium 
for the separation of the alkaline earths from magnesium and the 
alkalies. Either the oxalic acid method or precipitation of strontium 
as a sulpluite in presence of alcohol will accomplish this separation. 
If a sulphate precipitation is made it will be necessary to fuse the 
sulphate with sodium carbonate to get it into solution or to effect 
further separation from members of the ammonium carbonate group, 
should these be present. 

Separation of Strontium from Calcium. ^ — Strontium and calcium 
are converted into the nitrates and taken to dryness and all water 
expelled by heating to 140° C. for an hour or more. The nitrates 
are now extracted with equal parts of absolute alcohol and anhydrous 
ether or by boiling with amyl alcohol at 130° C. (hood). Strontium 
remains insoluble and calcium goes into solution as the nitrate. 
Strontium nitrate may rec^uire further solution in water, evaporation 
to dryness, heating and extraction to remove calcium completely 
should this be present in large excess. The nitrate of strontium is 

1 Treadwell claims solubility = 0.000.55, i.e., 1 part SrCOa in 18,045 parts of 
water. 

2 Advantage may bo taken of the insolubility of .strontium sulphate in am- 
monium sulphate in separating it from ihe soluble calcimn salt. 

The compounds of strontium are used for raedi(*mal purposes; for red fire in 
pyrotechnics; for the manufacture of iridescent glass; the dioxide for bleach- 
mg purposes; the sulphide for luminous paint; the hydroxide for refining of 
beet-root sugar, being preferable to lime, as the saccharate of strontium is 
more granular. • 
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dissolved in water and strontium determined by one of the procedures 
given later. See detailed procedure for separation under Barium. 

Separation of Strontium from Barium. — The procedure is given 
in detail under chapter on Barium. In brief one of the following 
methods may be used: Strontium and barium in a mixture of the 
nitrates are separated from calciUm by treatment with ether-alcohol 
mixture, in which Ba(N03)2 and Sr(N03)2 are insoluble. The nitrates 
dissolved in water are separated by precipitating barium as BaC]k)4 
from a faintly acetic acid solution, strontium remaining in solution. 

If preferred, barium may be first removed as a chromate, strontium 
and calcium precipitated from an ammoniacal solution by (NH4)2COV 
as carbonates, the carbonates converted to nitrates and Sr(N03)j 
separated from Ca(N03)2 in an ether-alcohol solution or by amyL 
alcohol. Details of the separations arc given under Barium. 

‘ N. B, Avoid a large excess of (NHdjCOs. NH4CI has a solvent action 
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GRAVIMETRIC METHODS 

Strontium may be conveniently determined citlier as the sulphate, 
the carbonate or as the oxide. The first procedure is (considered the 
best by authorities. The sample * is brought into solution by a 
procedure given on the previous page. 

, Determination as Strontium Sulphate, SrSOi 

Procedure. — A slight excess of dilute sulphuric acid is added to 
the neutral solution of strontium, and then an equal volume of 
alcohol. The mixture is stirred well and settled for several hours, or 
overnight, if more convenient. The precipitate, SrSOi, is filtered 
onto a small ashless filter and washed first with 50% alcohol contain- 
ing a little sulphuric acid, then with alcohol until free of acid. The 
precipitate is dried and the paper and the greater part of the salt 
ignited separately, then combined and weighed as SrS 04 . 

Factors. SrS(\ X 0.477 = Br, or X 0.8037 = SrCOs, or X 0.5642 = SrO. 

Determination as Oxide, SrO 

Strontium is precipitated as the oxalate by addition of ammonium 
oxalate to the slightly ammoniacal solution. The precipitate is 
filtered and washed with water containing ammonium oxalate. The 
residue is ignited and weighed as BrO. 

Factors. Sr()x0.8456=Br, or X 1.7726= SrS04, or X 1.4245= SrCOa. 


VOLUMETRIC METHODS 

The volumetric methods for determining strontium presuppose its 
isolation from other elements. 

Alkalimetric Method, Titration with Standard Acids 

Either the carbonate or the oxide of strontium may be titrated 
with standard hydrochloric or nitric acids. The compound is treated 
with a known amount of standard acid added in excess, using methyl 
orange indicator. The solution is heated below boiling to complete the 
reaction and, upon cooling, the excess of acid is titrated with standard 

One cc. of normal acid = 0.04381 gram of Sr, or 0.05181 gram of SrO, 
or 0.07381 gram of SrCOa. 
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SULPHUR 

S, at.wt, 32.07; sp.gr. 2.036; m.p. Ill**; b.p. 444.63° C; oxides 8203, SO2, SO3, 
S2O7; principal acids H2S204, H 2 SO 3 , H 2 SO 4 , H 2 S 2 O 3 , and H2S20'8. 

The determination of sulphur may be required in a great variety 
of substances, minerals, rocks, sulphur ores, acids, salts, water, gas, 
coal and other organic matter. \ 

The substance occurs in nature principally in the following forms: 

Element. — Found free, generally mixed with earthy matte^. 
The commercial product is exceedingly pure and may contain over^ 
99 . 5 % of S. 

Sulphur Dioxide. — The gas is found in volcanic regions. 

Hydrogen Sulphide. — Occurs in mineral waters and in the air, 
from decaying organic matter. 

Sulphide Ores. — Iron pyrites, FeSs (30 to 50 % ; ferro ferric 

sulphide, FeaOj.SFeS; pyrrhotite, FctSs; copper pyrites, CuFeS2; 
realgar, AS2S2; orpiment, As2^3; galena, PbS; cinnabar, HgS; zinc 
blende, ZnS. 

Sulphate Ores. — Gypsum, CaS04.2H20, very abundant; barytes, 
or heavy spar, BaS04; celestitc, HrS04; kieserite, MgS()4.Il20; 
bitter spar or Epsom salts, MgB04.7H20; Glauber salt, Na 2 WO 4 . 10 H 2 O; 
sulphates of alkalies in animal and plant fluids. 

The gravimetric determination of sulphur, by proce<lures of tech- 
nical importance, depends upon its precipitation as barium sulphate, 
BaS04, after converting it into sulphuric acid, or a soluble sulphate, 
if not already in this form. Oxidation of free sulphur, sulphides, 
sulphites, metabisulphites, thiosulphates may be accomplished by 
either dry or by wet methods. 

The volumetric methods of determining sulphur depend upon 
titration with oxidizing agents, or by acids, or by alkalies, according 
to the form of the sulphur compound, or by means of a substance 
forming an insoluble compound with sulphuric acid. For example 
sulphides are treated with a strong mineral acid (HCl). the evolved 
H2S absorbed in a suitable reagent, and the sulphide formed titrated 
with standard iodine. Sulphites may be determined either by oxida- 
tion with iodine or by titration wdth an acid in presence of methyl 
orange. Acid sulphites or metabisulphites may be determined by 
the iodine titration or by titration with an alkali in presence of 
phenolphthalein. Thiosulphates are titrated with iodine. Soluble 
sulphates may be titrated with standard barium chloride or chromate, 
added in slight excess, and the excess estimated by titration. 

Note tor Students. Sulphur is .best determined gravimetrically. For 
practice it is advisable to start with a water soluble sulphate and follow directions 
under the first of the gravimetric pfrocedures, page 542 . 
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DETECTION 

The following tests include the detection of free sulphur and its 
more important combined forms. 

Element. — Sulphur is a polymorphous, yellowy brittle, odorless 
and tasteless solid; existing in the rhombic, monoclinic and triclinic 
crystalline forms, and also in an amorphous state. At 111° it melts to 
a pale yellow lifiuid ; at 180° it thickens to a dark gum-like material, 
containing a large percentage of amorphous sulphur; at 260° it 
becomes a licjuid again, and at 444.53° it boils, giving off a brownish- 
red vai)or. 

Heated in the air sulphur burns with a blue flame, and is oxidized 
to SOa, a gas with a characteristic pungent odor. This gas passed 
into a solution of potassium permanganate will decolorize it, if SO 2 
is in excess of the amount that wdll react with the KMn 04 in the 
solution. 

If sulphur is dissolv^ed in a hot alkali solution and a drop of this 
then placed twi a silver coin, a stain of black Ag 2 S will be evident, 
due to the action of the sulphur. 

Sulphides. — Hydrogen sulphide, H 2 S, is liberated when a sulphide 
is treated with a mineral acid. This gas blackens moist lead acetate 
paper. H 2 S has a very disagreeable odor, which is characteristic. 

Sulphates. — A white compound, BaS 04 , is precipitated in presence 
of free hydrochloric acid w hen a solution of barium chloride is added 
to a solution of a sulr)hate. 

Insoluble suli)hatcs arc decomposed by boiling or fusion with 
alkali carbonates, forming water-soluble alkali sulphates. 

Sulphites. — Sulphur dioxide, S(> 2 , is evolved when a sulphite is 
treated with liydrocliloric acid. The odor of the gas is characteristic. 

Sulphur dioxide decolorizes a solution of potassium permanganate. 
(Use very dilute solution.) 

Sulphites are distinguished from sulphates by their failure to 
form a white precipitate when barium chloride is added to the solu- 
tion acidified wdth hydrochloric acid; also by the fact that H 2 S is 
formed when zinc is added to a solution of a sulphite acidified by 
hydrochloric acid. 

Thiosulphates. — Sulphur dioxide is evolved ami free sulphur 
precipitated when a thiosulphate is acidified with dilute mineral acids. 
In presence of oxidizing agents sulphides will also liberate free sulphur. 

Thiosulphates are strong reducing agents 
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METHODS OF ANALYSIS 

Preparation and Solution of the Sample 

In the preparation of the sample the following facts regarding 
solubility of sulphur and its combination should be kept in mind., 

Element. — The erystalhiie forms are soluble in CS2, the molno- 
clinic form is soluble also in alcohol, chloroform and benzol. Yellow 
amorphous and plastic sulphur are insoluble in CS2. Sulphur pre- 
cipitated by the action of HCl upon (NH4)2Sx is soluble in benzm. 
The element is soluble in hot hydrates of sodium, potassium, bariupi 
and calcium, forming polysulphides and thiosulphates. \ 

Sulphide. — Sulphides of Na, K, ("s, Rb, Ca, Sr, Ba, Mg, Mh, 
Fe arc soluble in dilute mineral acids. The sulphides of Ag, Hg, 
Pb, Chi, Bi, C;d, Co, Ni require strong acids for decomposition. 
These are also insoluble in sodium hydroxide and potassium hydroxide 
solutions. As, 8b and Sn sulphides arc insoluble in dilute acids, but 
soluble in alkalies. 

Sulphate. — With exception of BaS04, CaS04, SrS04 and PbS04, 
sulphates are soluble in water. ; 

Thiosulphate. — Nearly all are soluble in water. 

Sulphite. — With exception of the sulphites of the alkalies, sulphites 
of the metals are difficultly soluble in water, but readily decomposed 
by acids. 


Decomposition of Sulphur Ores 

The wet procedure for oxidation and decomposition of sulphur ores 
given in detail under the Gravimetric Methods is applicable to a 
wide range of substances. 

Fusion Method. — One gram of the finely ground ore (SO mesh) is 
intimately mixed with 6 grams of zinc oxide-sodium carbonate mixture 
(4 parts of ZnO + 1 part of NuaCXIa), placing 2 grams more of the mix- 
ture over the charge. The material is fused and suli)hur extracted 
according to the procedure described for coal — Eschka’s method. 

Weigh 0.5 gram of the finely ground ore into a small spun-iron 
crucible of about 25 cc. capacity. Add 1 gram of dry sodium car- 
bonate and about 5 grams of sodium peroxide (calorimeter quality) and 
mix well with a spatula or glass rod. Place the crucible in a hole cut 
in asbestos board (to avoid sulphur in gas) and fuse at a gentle heat 
over a Bunsen burner. Heat slowly, only to dull red, or the crucible 
will be strongly attacked. Agitate occasionally to complete fluidity. 
Allow to cool until mass is just solid. 

While still hot, set the crucible in about half an inch of cold water 
contained in a 400 cc. beaker. Oover the beaker and upset the cru- 
cible with a glass rod. The contents will quickly disintegrate. 



METALLURGICAL ANALYSIS 539 

• 

Rinse off beaker cover and remove and wash crucible. Add 
about 5 grams of solid ammonium carbonate to partially destroy the 
causticity of the peroxide, warm gently until dissolved and then filter, 
best by using a perforated porcelain filter-plate and suction. Wash ten 
times with hot water. Receive filtrate in a 500 cc. Erlenmcyer flask 
having a mark at the 300 cc. point. If the filtrate is greenish, 
indicating manganese, it is a good plan to add 5 cc. of alcohol, boil 
and filter again. 

Add a few drops of methyl orange as indicator, make just acid 
with HCl and then add 0.9 cc. of the strong acid in excess. 

Dilute to 300 cc. with hot water, heat to boiling and then add an 
excess of a 10% Barium chloride solution, through a small funnel which 
has the stem drawn down to an aperture that will deliver 10 cc. in 
about 3 minutes. Ten cc. of a 10% barium chloride solution will 
precipitate about 0.13 gram of sulphur. 

Sulphur in Rocks, Silicates and Insoluble Sulphates 

The material in finely powdered form is fused in a large platinum 
crucible with about six times its weight of sodium carbonate (sulphur 
free) mixed with about 0.5 gram of potassium nitrate. The charge 
is protected from the flame by an asbestos board or silica plate with 
an opening to accommodate the crucible snugly. The fusion is ex- 
tracted with water, the filtrate evaporated to dryness and silica de- 
hydrated. The residue is moistened with strong hydrocliloric acid, 
then taken up with a little water, boiled free of CO 2 , and silica fil- 
tered off. The filtrate contains the sulphate, which now is precipi- 
tated as barium sulphate according to one of the standard procedures. 

Barium Sulphate. — This is transposed by fusion with sodium car- 
bonate, as stated above. Barium carbonate remains in the water- 
insoluble residue. It is advisable to wash the residue in this case 
with hot sodium carbonate solution, to insure complete removal of 
the sodium sulphate. The filtrate is acidified with HCl, boiled free 
of CO 2 and BaS 04 , then precipitated. 

Lead Sulphate. — This may be transposed by digesting the com- 
pound with a strong solution of sodium carbonate saturated with 
CO 2 , keeping the solution at boiling temperature for half an hour or 
more. The sulphate will be in solution and the lead is precipitated 
as the water-insoluble carbonate. 

Strontium or calcium sulphates may be transposed by the pro- 
cedure described for lead. 

Sulphur in Coal, Eschka’s Method 

One gram of coal is intimately mixed with 3 grams of Eschka’s 
compound, consisting of 2 parts of porous, calcined magnesia and 1 
part of anhydrous sodium carbonate. The mixture, placed in a plati- 
num crucible, is covered with about 2« grams more of Esehka’s com- 
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pound. The charge is placed iu an open platinum crucible, which is 
protected from the flame by a shield, as shown in Fig. 110. If possible, 
a sulphur-free flame should be uscid to avoid contaminating the ma- 
terial. With proper prccautjons, the shield will prevent this. Heat- 
ing in a crucible electric furnace completely avoids sulphur con- 
tamination. The mixture is heated very gradually, to drive off the 
volatile matter, the charge being stirred freciuently with a platinum 
wire to allow free access of air. The heat is increased, after halfj an 
hour, to a dull redness. When the carbon has burned out, the iptay 
color having changed to a yellow or light brown, the heat is rem^ed 
and the crucible cooled. \ 

The powdered fusion is digested with 100 oc. of hot water for hi^lf 
an hour, and the clear liquor decanted through a filter into a beaker. 
The residue is washed twice more with hot water, by decantatioA, 
and finally on the filter, until the volume of the total filtrate amounts 
to about 200 cc. About 5 cc. of bromine and a little hydrochloric 
acid are added, and the solution boiled. Sul])huric aciil is now i)re- 
cipitated as BaS04 by addition of barium chloride to the hot solu- 
tion, and sulphur determined by the first of the gravimetric pro- 
cedures. 

Water Soluble Sulphate Salts. — Weigh 1-2 grams of the salt 
and place in a .500-000 cc. beaker. (If preferred a factor weight of 
2.058 grams may be taken. The BaS04 precipitate multiplied by 20 
will give the per cent for this amount of samiile.) 

Dissolve in distilled water and dilute to 800 cc. If the solution 
is neutral (methyl orange indicator) add 1 cc. of strong HC'l. The 
solution should contain about 0.8 cc. free HCl per 100 cc. Precipitate 
the BaS04 as directed iu the first gravimetric procedure. 

Substances Containing Iron 

In precipitating barium sulphate, in presence of ferric salts, 
from hot solutions by the gravimetric procedure commonly followed, 
considerable iron is carried down by the precipitate. Since Fe2(S04)3 
loses SO3 upon ignition, and since re203 weighs much less than 
BaS04, low results will be obtained. Hence the removal of iron is 
necessary, or a method should be followed in which iron does not 
interfere. It is found that barium sulphate precipitated from a large 
volume of cold solution, in which the iron has been reduced to ferrous 
condition, is free from iron. 

If sulphur is to be precipitated from hot solution of comparatively 
small volume (200 to 400 cc.), it is necessary to remove iron. This 
is accomplished by precipitating this as Fe(OH)3 by addition of am- 
monium hydroxide in decided excess (5 to 10 cc excess of strong 
NH4OH, sp.gr. 0.90). If the solution is barely neutralized with am- 
monia, the iron hydroxide carries* down considerable of the sulphate. 
Even with the precaution recommended some of the combined sul- 
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phuric acid is occluded by the precipitate, so that it is necessary to 
recover this by dissolving the precipitate with hydrochloric acid and 
reprecipitating the ferric hydroxide with an excess of ammonia. The 
combined filtrates are now treated with barium chloride, upon acidi- 
fication with hydrochloric acid, according to the gravimetric pro- 
cedure first given. 

Separation of Sulphur from Metals Forming an Insoluble Sulphate 

This is accomplished by fusion of the compound with sodium car- 
bonate and extraction of the mass with water. The metal remains 
with the residue and the sulphate of the alkali passes into solution. 

Nitrates and Chlorates. — I'hese are carried down with the pre- 
cipitat.e as barium salts if they are present in appreciable amount. 
They may be removed from the solution by evaporation to dryness 
with hydrochloric acid. 

Silica. — Silica will be carried down with the barium sulphate 
precipitate if ^present in appreciable amounts. It is removed by 
evaporation of the solution with hydrochloric acid, dehydrating the 
silicic acid, taking up with H(51 and water and filtering. 

Ammonium and Alkali Salts. — These have a negligible effect on 
the precipitate of BaSO^t if this is precipitated from a large volume^ 
according to the second gravimetric procedure. 
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GRAVIMETRIC DETERMINATION OF SULPHUR 

PRECIPITATION AS BARIUM SULPHATE 

Preliminary Remarks. — The procedure depends upon the in- 
solubility of barium sulphate, BaS04, in neutral or slightly acid solu- 
tions. It was formerly tlie general practice to precipitate the /sul- 
phur by adding a 10% bariun\ chloride solution to the hot sulphate 
solution, which had been diluted from 100 to 400 cc., according to 
the amount of sulphur that was present (not over 0.2 gram of sulpnur 
per 100 cc.), containing 1 to 3 cc. of free concentrated hydrochloric 
acid per 100 cc. of solution. Special precautions were given to haVe 
the solution boiling hot, and to avoid having a volume of over 4^0 
cc., a smaller sample being taken in high sulphur ores, rather than in- 
crease the volume. Extended experiments have shown that it is 
preferable to prccipilaie the sulphate from a large volume of cold 
solution. The product obtained is less apt to occlude impurities, 
the crystals are larger than those obtained in hot concentrated solu- 
tions, and do not pass through the filter. Precipitation may be made 
in presence of large amounts of iron, copper and other impurities. 
The procedure requires large beakers of 2- to 2 J -liter capacity, special 
precipitating cups, and a suction apparatus, as shown in Figs. 105 to 
107. This apparatus may not always be available, and occasionally 
it is advantageous to precipitate the sulphur in a small volume, 
especially when the sulphur content of the material is low, hence, al- 
though the second procedure is generally recommended, the older 
method is also included. 


L Precipitation of Sulphur as Barium Sulphate, from Hot 
Solutions 

By this method the sulphate radical is precipitated from hot 
solutions of comparatively small volume by adding barium chloride 
in solution, the following reaction taking place: 

M2SO4 + BaCL = 2M.C1 + BaS04 (M = an univalent element) 

Reagents. Barium Chloride. — 10% solution. If the crystal 
salt, BaCl2.2H20, is used, 1 cc. of this solution is equivalent to 0.013 
gram of sulphur or to 0.039 gram of SO4. With the anhydrous salt 
approximately I.IS times these amounts. 

Hydrochloric Acid . — Strong HCL. (vSp.gr. 1.2) 
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Procedure. 1. Solution. -- Tho sample having been brought into 
solution by a suitable procedure given under I^reparation and Solu- 
tion of the Sample, and having been diluted to a volume of about 
300 cc. after being neutralized (in presence of methyl orange indi- 
cator or litmus) and then acidified with hydrochloric acid, 0.33 cc. 
HCl per 100 cc. of solution, proceed as follows: 

2. Heat the solution to boiling and add by means of a burette 

or precipitating cup or funnel with a capillary tube, at the rate of 
about 3 cc. per minute, sufficient of the 10% barium chloride re- 
agent to precipitate the SO4 and then about 10 cc. excess. 20 cc. 
of the reagent per gram of sample taken, should be sufficient if a 

salt is examined, a larger amount is necessary for sulphur ores. See 

procedure 2. 

3. Boil for about five minutes after the reagent is added. Re- 
move from the flame and allow to cool and settle. 

4. Decant the clear solution into a filter (11 cm. fine mesh) or 

into a weighed Gooch crucible. Wash twice by decantation with hot 
water, then t^’ansfer the precipitate by means of a stream of hot 

water to the filter, using a stirring rod, held by the forefinger over 

the beaker, to guide the precipitate. Wash the precipitate six times 
in the filter, directing a fine stream of hot water from the wash bottle 
around the upper portion of the filter, filling the filter about J full 
at each washing. Test the first portion of the washing for S()4 to 
insure complete precipitation. 

5. If a filter pa[)er has been used pinch the filter together at 
the top and invert with apex pointing up in a weighed crucible. 
Now place the crucible or the Gooch with the precipitate, on a hot 
plate or sand-bath dish over a free flame for about five minutes. 
Then place over a free flame and ignite until the filter paper is com- 
pletely burned and the residue is a jmre white. 

Note 1. If much iron or aluminum is present it is advisable to precipitate 
the sulphate from a large volume, by the second method, rather than to attempt 
to remove these substances. If liaS 04 is present in the original material its 
weight should be included with that of the precipitate. 

Note 2. If the residue appears yellow or red, contamination with iron 
is indicated. The barium sulphate absorbs or occludes iron as ferric sulphate 
if this is present, hence it should be removed if this procedure is followed. Ferric 
sulphate decomposes with heat with liberation of SO3 so that the results will 
be low if the contamination has occurred. 

6. Weigh the crucible with the precipitate. Deduct the weight 
of the crucible and calculate the weight of the sulphur or sulphur 
oxide, as desired, from the weight of the barium sulphate obtained. 

Factors. BaS04 X 0.1373 » S, or X 0.4202 H2SO4, or X 0.3766 
= FeS, or X 0.2744 « SO2, or X 0.3430 = SO3, or X 0.4115 - SO4. 
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n. Precipitation of Barium Sulphate from Cold Solutions — 
Large Volume ^ 

Introduction. — The method is especially adapted to the deter- 
mination of sulphur in iron })yrites and materials high in sulphur, 
30 to 50 % of suli)hur, but by varying the amount of material used the 
range may be extended. The finely grouiul sample is oxidized by 
means of a mixture of bromine and potassium bromide, followed by 
nitric acid. The nitric acid is expelled by evaporation to dryAcss, 
followed by a second evaporation with hydrochloric acid, which ^de- 
hydrates the siliiai. Iron is now reduced to the ferrous eonditum 
and the silica and residue, undissolved by addition of hot water and 
HCl, is filtered off. The sulphur is precipitated in a largo volume pf 
cold solution, by barium chloride solution, as Balr^Oi and so weighed. 

Reagents. Bromine — PotaHSiiim Bromide SoLutton. — 320 grams 
of potassium bromide are dissolved in just sufficient water to cause 
solution and mixed with 200 cc. of bromine, the bromine being poured 
into the saturated bromide solution. After mixing wqll the solution 
is diluted to 2000 cc. 

Bromine — Carbon Tetrachloride Solution. — Carbon tetrachloride 
saturated with bromine. 

Barium Chloride^ anh.yJrous, 5% solution; or crystals, 0% solu- 
tion. 

Procedure, Preparation of Sample. — The sam])le ground to pass 
80 mesh sieve is carefully mixed and (piartered down to 10 grams. 
This is dried for one hour at 100° Ch and then placed in a weighing 
tube. 

A factor weight, 1.3733 grams of the sample, is placed in a deep 
beaker, 300 cc. capacity, 2^ by 4.J ins. 

Oxidation of Sulphur . — Ten cc. of the bromine- potassium bromide 
mixture for pyrrhotite ore, or bromine — carbon tetrachloride reagent 

for pyrites ores, are added and 
Wc/fet? Glass Cover the beaker covered with a dry 
watch-glass cover. After stand- 
ing fifteen minutes in the cold 
bath (a casserole of water will 
do), with occasional shaking of 
the beaker, 15 cc. of strong 
nitric acid are added and the 
mixture allowed to stand fifteen 
minutes longer, at room temper- 
ature, and then warmed on an 
Fig. 106. asbestos board on the steam bath 

until the reaction has apparently 
ceased and the bromine has been volatilized. The beaker is now placed 
within the ring of the steam bath so that the lower portion is ex- 
' Standard method of the General Chemical Company. 
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Prccipitafinn 
Cup - 150c t 


Fia. 107. Apparatus for Precipitating 
Suli^hur. 


posed to steam heat. The solution is evaporated to dryness, the cover 
of the beaker being raised above the rim by means of riders (U- 
shaped glass rods), Fig. 106; 10 cc. of strong hydrochloric acid are 
now added and the solution again evaporated to dryness to expel 
the nitric acid. The silica is 

dehydrated by heating in the "T 

air oven at 100° C. for one l ir ^ 

hour, or overnight if preferre.l. Ciock6i.»c..,r, 

Reduction of Irov . — Four y / 

cc. of hydrochloric acid (sp.gr. ^ I 

1.20), followed five minutes _ 

later by 100 cc. of hot water, zsoo/c'' 

arc added, the sides of the j 

beaker and the cover being 1 ~ b 

rinsed into the solution. The ,07 Apparatus for Preeipitating 

riders being removed, the sam- Sulphur, 

pic is gently boiled for five 

minutes to insure the solution of the sulphate. After cooling for about 
five minutes, approximately 0.2 gram of powdered aluminum is stirred 
into the solution, keeping coveretl during the intervals between stir- 
ring. When the iron has been reduced, the solution becoming color- 

less, the samiilc is filtered into a 
^ Clock 6ia>Uov€r 2500 CC. bcaker, tlirough a fine- 

« grained 12-5 cm. filter paper. The 

2500c c beaker should be copped out and 

^ the residue on the filter washed 

nine times with hot water, filling the 
“ filter funnel and draining each time. 

— — \ ~ Precipitation of the Sulphur. — 

,/ H,o,vo ft’^tooch^L The solution in the large beaker 
y diluted to 1600 cc. with cold 

TbJf/cf/'or; water and 6 cc. of HCl (sp.gr. 1.20) 

JMKv ^^^stopper added, and mixed by stirring. The 

^ barium chloride solution is now 

5 -Liter added by means of a special de- 

livering cup (Figs. 107, 108), which 
should drain at the rate of 5 cc. 
per minute. 125 cc. of barium 
chloride solution are added for ores 
containing 30 to 50% of sulphur. 
Fig. 108. Appamtiis for Filtering factor weight being taken. The 

solution 18 not stirred while the 
barium chloride is being added, but when the cup has drained, the 
solution is mixed by stirring. The BaS04 is allowed to settle, two 
or three hours being advisable, overnight being preferred. 

Filtration. — The clear solution* is filtered through a weighed 
Gooch crucible (35 cc.), using suction. This is best done by the 
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p- 
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Fig. 108. Apparatus for Filtering 
Barium Sulphate. 
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automatic arrangement shown in Fig. 108. The beaker containing 
the solution is placed on a shelf; a siphon dipping to within half an 
inch of the precipitate at the bottom of the beaker is connected to 
the Gooch crucible by means of a tightly fitting stopper. The Gooch 
and thistle tube are best connected by heavy rubber tubing. The 
suction flask, or bottle, should ‘have a capacity of about 3 liters. 
A Geisslcr stop-cock passes through the rubber stopper in the suction 
flask to relieve the pressure when the Gooch is to be removed. iThe 
precipitate is washed onto the asbestos mat in the crucible and washed 
with cold water six times, the beaker being copped out as usual. \ 

Ignition. — The precipitate is dried by placing the crucible on ^n 
asbestos board over a flame for twenty-five minutes and then heated 
over a direct flame Tor thirty minutes. \ 

Calculation. BaS ()4 X 10 = per cent of H. (If factor weight is 
taken.) 

Factor. BaS 04 X 0.1373 = gram of S. 

Notes and Precautions 

Although barium sulphatt^ is only slightly soluble in water, it is appreciably 
soluble in the salts of the alkalies (Na, K and NH 4 ), and in a large excess (if 
hydrochloric acid. 

Barium sulphate occlud(is salts, especially nitrates and chlorides. Ferric 
chloride is carried down with this precipitate, though ferrous chloride is not; 
hence the reduction of inm is necessary. Occlusion of iron causes low results, 
as will be seen from the fact that with heating of Fe 2 (S 04 ) 3 , SO* is volatilized, 
the salt decomposing to FcsOa + SO 4 . With the iron reduced the precipitate 
burns perfectly white, whereas with feme iron present the precipitate is invariably 
red or yellow. ‘ 
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EVOLUTION METHOD FOR DETERMINING SULPHUR IN IRON, 
STEEL, CINDERS, SULPHIDES AND METALLURGICAL PRODUCTS 

Introduction. — The method depends ui)on the fact that liydrogen 
sulphide is evolved when a sulphide is acted upon by a strong acid 
such as hydrochloric acid. This gas, absorbed by a suitable reagent, 
may be determined volume trically ^ by titrating the i)recipitated sul- 
phide with iodine or by titrating the acid, formed by the reaction, 
with standard caustic. The iodine and caustic titrations may be 
made on the same run, or the sulphide nmy be weighed and the fil- 
trate containing the free acid titrated, thus double checking results. 
The following reaction takes place when the gas is evolved and ab- 
sorbed by neutral cadmium sulphate: 

H 2 S H- CdS 04 = CdS precipitate - 1 - H 2 SO 4 free acid. 

The method is especially adapted to the determination of sul- 
phur in iron and steel or in metallurgical products containing small 
amounts of sulphide. It may be applied to i)roducts containing 
larger amounts of sulphur as sulphides or sulphates, the latter con- 
dition requiring a special jmdiminary treatment. 

The method is not applicable for determining free sulphur or sulphur 


in irt)n pyrites. 

Reagents. Iodine Solution. — Two strengths of this reagent 
should be at hand for general work: 

For iron and steel and low sulphur briquettes, etc., == .01 to 

0.5% S N/30I 

For sulphur products containing over 0.5% S N/10 I 


Starch Solution. — Made from a good grade of soluble starch, 1 
gram per 200 cc. of water. Fresh solutions are desirable, as the de- 
teriorated material produces a greenish-brown color in place of the 
delicate blue desired. Flecks of insoluble starch will cause the same 
difficulty. 

Cadmium Chloride or Cadmium Sulphate Solutions. Ammoniacal 
Solution . — Fifty-five grams of CdCT 2 . 2 H 20 or 70 grams of the sul- 
phate arc dissolved in 500 cc. of distilled water. To this are added 
1200 cc. of NH4OH (sp.gr. 0.90) and the solution diluted to 2500 cc. 
The solution is of such strength that 50 cc. will precipitate approxi- 
mately 0.175 gram of sulphur evolved as H 2 fi. This is equivalent to 
about 3.5% of sulphur on a 5 gram sample. 

Neutral Solution. — To be used where titration with caustic is 
desired. Seventy grams of CdS 04 are dissolved in water and made 
up to 2500 cc. The solution should be neutral to methyl orange, 
otherwise add the requisite amount of H 2 SO 4 or NaOH necessary, 
determined by titration of an aliquot portion. 

^ Volumetrically. (a) Absorption in a solution of KOH, CdCh or CdS 04 , 
ZnCU or ZnS 04 , Na^HAsOs and titration with iodine solution. (5) Absorption 
in iodized KI and titration of the excess of ibdine with NasSsOs solution. 
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Hydrochloric Acid. — One part of concentrated acid to an equal 
volume of distilled water. 

Sulphuric Acid. — One volume of concentrated acid to four vol- 
umes of distilled water. 

Reducing Mixture for Reduction of Sulphates. — Five parts of 
NaHCOa, 2 parts of C.P. aluminum powder and 1 part of pure car- 
bon, best made by charring starch. A blank 
should be determined on this material jand 
allowance made accordingly. i 

Stannous Chloride. — Ten per cent si^lu- 
tion. \ 

Fine Granular Aluminum, or Zinc Metal . \ — 
►Sulphur free, 20 mesh. 

Apparatus. — The apparatus shown m 
the illustration. Fig. 1 09, is the author’s ^ 
modification of the form used at Baldwin 
Locomotive Works. This consists of an 
Erlonmeycr flask A of abo,ut 500 cc. ca- 
pacity with large base. With material in 
which violent foaming occurs, during the 
evolution of hydrogen sulphide, it is advis- 
able to use a wash bottle with large base, 
ill preference to an ]'>lenmeyer flask. 
Through a rubber stopper is inserted a 
thistle tube with glass stop-cock by 
which the acid is introduced into the flask. 
The hydrogen sulphide passes through a 
potash connecting bulb with trap as shown. 
A hole blown in the side of the tube pre- 
vents liquid being swept through. Con- 
nected to the potash bulb is the absorption bulb C, which is suspended 
by a wire attached to the thistle tube. The apparatus is compact, 
so that on a large hot plate, 30 by 20 ins., a dozen outfits may 
readily be accommodated. With the use of this apparatus the writer 
has been able to make over seventy-five determinations of sulphur 
in steel in an ordinary day's run. 

Preparation and Amount of Sample 

The amount of material to be taken for the determination depends 
upon the sulphur content as shown by the following table: 
Approximate % of Sulphur Present. Amount to take for Analysis. 

0.01 to 1 5 grams 

1.0 to 10 • 1 

10.00 to 30 0.5 

Above 30 0.25 

• 

The class of material will govern the method of procedure. 

» W. W. Scott. 
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Iron and Steel. — A 5 gram sample of drillings or finely divided 
material is treated directly in the evolution flask with hydrochloric, 
acid, 1: 1, and the hydrogen sulphide iibsorhcd in amiuoniacal cad- 
mium chloride. The sulphide formed is titrated with iodine. 

Iron Ore Briquettes and Materials Containing Sulphates. — Low 
Sulphur. Preliminary Reduction, — A .'5 gram sample is intimately 
mixed with an equal weight of reducing mixture (NallCOs + Al -h C) 
and wrapped in a 9 cm. ashlcss filter. The charge 
is placed in a 50 cc. nickel crucible with cover. 

The crucible is inserted half way into an asbestos 
board or perforated silica plate (see Fig. 110) and 
after covering, placed over a low flame of a 
Mcker blast burner. The flame of the blast is 
gradually increased during the first five minutes 
and the charge blasted for about twenty minutes. 

The crucible will appear a bright red and carbon 
monoxide gas escaping from under the crucible 
lid will burn. ^ The loss of sulphur, however, is 
not appreciable. The crucible Is cooled without 
removing the cover. When cold the fused mass 
is quickly pulverized and placed in the dry evolu- 
tion flask containing a mat of aluminum granules 
or C. P. zinc dust or granulated tin. Hydrogen 
sulphide is best evolved with hydrochloric acid 
to which 4 or 5 cc, of 10% stannous chloride has 
been added to reduce ferric iron. The gas is 
absorbed in amrnoniacal cadmium chloride and 
the cadmium sulphide formed titrated with iodine. 

Iron Sulphide for Available HgS. — Since Fia 110. 
this product runs over 20% available hydrogen 
sulphide not over 0.5 gram sample should be taken. The HaS is 
evolved by addition of dilute sulphuric acid, 1 : 4, in place of hydro- 
chloric acid, and is absorbed by neutral cadmium sulphate. The 
acid formed by the reaction is titrated by standard N/10 NaOH. 

Sodium Sulphide or Water-Soluble Sulphides for Available H^S. — 
Ten grains dissolved in water and diluted to 1000 cc.; 50 cc. = 0.5 
gram taken for analysis. 



Details of Procedure 

Evolution of Hydrogen Sulphide. — One-half to 1 gram of alumi- 
num or zinc granules, 20 mesh, is placed over the bottom of the evo- 
lution flask and the sample placed above this mat of metal. The 
stopper with the thistle tube and <Jon denser is inserted snugly into 
the neck of the flask. An absorption bulb containing about 20 cc. of 
distilled water is attached to the condenser. This bulb serves as a 
trap for the HCl that is driven out of the flask during the boiling. 
To this bulb is attached a second bulb containing 50 cc. of am- 
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moniacal cadmium chloride. A third bulb may be attached if the 
sulphur content of the material examined is high; this, however, is 
seldom necessary when ammoniacal cadmium chloride is used. The 
rubber stopper and all rubber connections being air-tight, 100 cc. of 
warm HCl, 1.1, is poured into the flask through the thistle tube, 
the stem of which should now ‘dip well below the acid. The stop- 
cock is closed during the violent action of the acid on the sample; and 
opened when this has subsided. The acid trap prevents loss ofjHaS 
through the thistle tube. The apparatus is now placed on the y hot 
plate and the sample boiled vigorously for about twenty minutes. 
j- The flask is taken off the hot plate and khe 

1] contents allowed to cool. At this stage, it 

may be advisable to draw a current of itir 
through the apparatus to sweep out any 
( ) residual HaS that may remain in the flask. 

\ J Hydrogen gas is preferable to air. 

j^fopcocU Titration. — (a) The contents of the bulbs 

CooUtg CooHna ^ beaker containing 

WaUr about 400 cc. of distilled water. The bulbs 
Ground I “ - i washed out first with water and then with 

Joini I I dilute acid. The excess of ammonia is neu- 

I tralized with concentrated HCl, 5 cc. of starch 

solution added and the sulphide immediately 
/ \ titrated with standard iodine, additional hydro- 

/ \ chloric acid being added from time to time 

/ \ during the titration to insure complete decom- 

I \ position of the sulphide. The liquid appears 

j \ yellowish red, orange, purplish red and finally 

I ] ^ deep blue. Since the sulphide, when present 

in appreciable quantity, decomposes slowly, 
StodanJ Appara1u/fOT solution should be strongly acid at the 
the Determination of Sul- completion of the titration, and five minutes 
phur in Iron and Steel by should be allowed for a permanent end-point, 
the Evolution Method. Knowing the amount of iodine necessary, 

Courtesy^^^^haar & Co , a check run may be made by adding to the 
neutral solution an excess of iodine followed 


I Exit Tub e 


Fig. 110a. 


the Evolution Method. 

Courtesy of Schaar & Co , 
Chicago. 


by 5 cc. of starch solution and a large excess of concentrated hydro- 
chloric acid. The excess of iodine is titrated with N/10 thiosulphate, 
Na2S208, solution. (Arsenous acid will not do.) This procedure will pre- 
vent the loss of H 2 S, which is apt to occur in samples high in sulphide. 

(6) An alternate method is frequently advisable in high sulphurs, 
The precipitate is separated from the solution containing ammonia 
by .filtration. The cadmium sulphide is now placed in the 600 cc. beaker 
with water and an excess of iodine run in. Starch is added, followed by 
hydrochloric acid. The excess of iodine is titrated with sodium thio- 
sulphate, Na 2 S 203 . By this method the heat action during the neu- 
tralization of ammonia is avoided and only the precipitate is titrated^ 



METALLURGICAL ANALYSIS 


551 

$ 

When the iodine titration exceeds 50 cc. of N/10 iodine, a smaller 
amount of the sample should be taken for analysis; the iodine titra* 
tion for amounts of sulphur exceeding 0.1 gram is not satisfactory, 
owing to a fading end-point. The method for determining available 
hydrogen sulphidcf in high sulphide products, dealing with the titra- 
tion of the free acid formed during* the reaction, permits of larger 
samples being taken. Details of this method are given on page 549. 

One cc. of N/TO iodine = 0.001604 gram S. 

Tenth Normal Equivalents 

One cc. of N/10 iodine = 0 008471 gram of BaS 

“ “ = 0.003607 gram of CaS 

“ “ = 0 007224 gram of CdS 

“ = 0 004782 gram of CuS 

“ “ = 0 004396 gram of FeS 

“ “ ~ 0.011634 gram of HgH 

“ “ = 0 001704 gram of HjS 

= 0 003904 gram of Na 2 S 
= 0.011959 gram of PbS 
“ = 0.00561 gram of SbaSa 

“ “ = 0.004872 gram of ZnS 
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DETERMINATION OF FREE SULPHUR IN A MIXTURE 

From 1 to 10 grains of the material, depending upon the amount 
of sulphur jiresent, is extracted in a Soxhlet extractor (see modified 
form Fig. Ill) with carbon tetrachloride, or carbon bisulphide (freshly- 
distilled) for twelve hours. The extract 
is evaporated to dryness, adding 10 , cc. 
of bromine-carbon tetrachloride mixmre 
together with 15 cc. of nitric acid. The 
residue is taken up with 10 cc. of hydro- 
chloric acid, dilutetl with 150 cc. of distilled 
water, heated to boiling and the sulphuric 
acid precipitated with 10 barium chloride 
solution, washed, dried, ignited and weighed 
according to the procedure for sulphur. 

BaS04X 100 X 0.1873 ^ , 

• ■ ^ -7 ] = per cent of free 

Weight of sample 

sulphur. 

Sanders’ extraction apparatus ^ has sev- 
eral advantages that make this apparatus 
desirable for lalioratory use, where a num- 
ber of daily extractions are required. As 
may be seen from Fig. 110, by simply re- 
moving the glass stopper D the cylinder 
may be charged without disconnecting the 
apparatus, as is necessary with the Soxhlet 
type of apparatus. The extraction is car- 
ried on with the traps A and B closed, the 
siphon t-t\ acting automatically as in case’ 
of the Soxhlet. With A closed and B open 
the apparatus may be used as a reflux con- 
denser. The solvent liquid may be drawn 
of! by opening A. With B closed and A 
open the apparatus may be used as a con- 
Fig. til. .Sanders' Extra., denser and the ether chloroform carbon 
tion Apparatus. disulphide, etc., distilled from C. The 

globe-shaped Soxhlet condenser may be 
replaced by Allihn’s or Liebig’s condenser, if desired. The ball 
form, however, is more compact. 

* J. McC. Sanders, Proe. Chem. Soc., 26, 227-228, 1910. The Analyst, 35, 
556, 1910. 
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INDUSTRIAL PRODUCTS AND RAW MATERIALS 
Analysis of Brimstone 

The impuritieK in brimstone arc seldom more than a few tenths 
per cent. In the usual analysis, moisture, available sulphur, ash, 
arsenic, and chlorine are required. 

Moisture. — The powdered sample, weighing 50 p;rams, is spread 
out on a watch-glass and dried for an hour at 100° C'., then cooled 
in a desiccator and weighed. 

Loss of weight in grams multiplied by 2 = per cent moisture. 

Available Sulphur. — Ten grams of the sulphur taken from the 
dried material are heated in a silica or porcelain dish until the sulphur 
ignites. The heating is discontinued during the burning of the sub- 
stance, but renewed for a minute or so after the sulphur has burned 
away. Loss of weight of the cooled residue is due to the available 
sulphur. 

Note. OrgjjLTiK! matter in brimstone is not appreciable. 

Ash. — This is the residue that remains in the dish. The increase 
of weight of the tared dish is due to the ash. 

Arsenic. — Ten grams of the material arc treated with 30 cc. of 
carbon tetrachloride mixture (3 parts of CCI4 : 2 parts of Br) and after 
standing for ten minutes 25 cc. of strong nitric acid arc added in small 
portions (a watch-glass covering the beaker during the intervals of 
addition). CCU, HNO3 and Br are expelled by evaporation on the 
steam bath. Water is added and the evaporation repeated. Arsenic 
is now determined on the residue by the Gutzeit Method for arsenic. 

Note A. H. Low adds to the COh solution 50 cc of dilute NILOH 
(1 : 43), and evaporutos off (X^h on a hot water bath. The solution is filtered 
from precipitated sulphur, 1 gram of Najt^Oa added and Nila expelled by boiling. 
3 grams of Na 2 S 04 and 5 cc. of 112804 added, and the mix heated until the 
product is reduced to a molten mass. The cake is trea1x‘d with 50 cc of hot 
water and heated until in solution. Arsenic is now litraied by the iodine method, 
using about, l the usual strength of iodine solution. 

Note. Arsenic-frcc reagents should Ihj employed. 

Chlorine. — One hundred grams of the brimstone are extracted 
with hot water, the filtered extracts oxidized with 10 to 15 cc. of 
nitric acid and a few crystals of ammonium persulphate by boiling 
and treated with 5 cc. of 10% solution of silver nitrate. The solu- 
tion, brought to boiling, is placed in a dark place and the silver 
chloride allowed to settle. 'This is now filtered off in a weighed Gooch 
crucible and chlorine calculated from the AgCl. 

AgCl X 0.247.4 = Cl X 0.4078 - NaCl. 

Total Sulphur. — This is best determined by oxidation of the free 
sulphur to sulphuric acid by treating wdth bromine, followed by nitric 
acid. Sulphuric acid is now detertiiined gravimetrically by precipi- 
tation as BaS04. • 
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SULPHURIC ACID GASES 
Burner Gases. Sulphur Dioxide 

This gas may bo (lotorminod diy tJu* inotliod of Reich. It consists 
in aspirating the gas througli standard iodine solution (N/10 is suit- 
able) until it is decolorized. The amount of iodine used in the [test 
and the volume of the aspirated gas being known, the percentage of 
SO 2 can readily be calculated. \ 

Fig. 112 shows a form of apparatus for making this determination. 
The standard iodine, 5 to 25 cc. N/10 1, diluted to 150 to 200 



Fio. 112. Portable Reich Apparatus. 


is placed in the bottle, about 400 cc. capacity, and starch indicator 
added. The gas to be tested is aspirated through the iodine until 
the color of the starch blue fades completely. Water which flows 
out from the graduated cylinder 'by lowering the aspirating bottle, 
produces the suction, and the amount measures the volume of the 
aspirated gas. From the quantity of iodine used and the volume of 
the gas required to decolorize the solution the per cent of sulphur 
dioxide is calculated. 
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Should the contact gas contain SO3, this is absorbed by passing 
the gas through 50 to 100 cc. of strong H2SO4, to avoid the action 
of SO3 on the rubber tubing of the apparatus. A rapid current of 
the gas is passed through the acid to saturate it with SO 2 before 
making the tests. 

The Reich method is more aj>i>licable for determining small 
amounts of SO2. A 12-15 liter graduated aspirating bottle is used 
in works tests of exit gases for measuring the gas. Since these vol- 
umes are under standard conditions (760 mm. and 0° C.), it will 
be necessary to convert the volumes obtained in the tests to these 
conditions, using the formula 

- w 

(1+1 0 .0 036^' volume, /■» = ob- 

served barometric pressure, t - temperature of the gas. and w = 
aqueous vapor pressure at temperature of the test. 


Table for Rbich’s Tests for Percentage SO2. Using Tenth Normal 
Iodine Solution 


Volume Per oent SOj 

25 Rc, N/ 10 

Iodine lOcc N/ 10 Iodine 

5cc N/10 lotJine 

12 

205 CC. 

gas 


11,5 

215 “ 



11 

226 “ 



10 5 

238 “ 



10 

252 “ 



9.5 

265 “ 

ll 


9 

283 

U 


8.5 

300 “ 



8 

321 “ 

(( 


7.5 

344 “ 

i( 


7 

371 “ 

“ 148 cc. gas 


6.5 

402 “ 

u 161 “ “ 


6 

438 “ 

“ 175 “ “ 


5.5 


192 “ “ 


5 


212 “ “ 


4.5 

. 

237 “ “ 


4 


268 “ “ 


3.5 


308 “ 

154 CC. gas 

3 


361 “ “ 

181 “ “ 

2.5 


436 “ “ 

218 “ “ 

2 



274 “ “ 

1.5 



367 “ 

1.4 



393 “ “ 

1 3 



424 “ 

1 25 



442 


Sulphur Dioxide in Exit Gases. — Suliihur dioxide is seldom 
above 1 % in exit gases leaving the absorption tower of the sulphuric 
acid plant. Generally the loss is below, 0.2% on a carefully regulated 
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unit. The Reich method is sufficiently accurate for this delcrmina- 
tion, for all practical pruposes. If 10 cc. of N/IO iodine are used 
the percent SO 2 may be calculated by the formula: 




Uo - volume of the gas reduced to standard conditions 0° C jand 
760 mm. 

11.17 = cc. of SO 2 gas ocpiivalcnt to 10 cc. of N/10 iodine. 

The following talde is calculated on thei assumption that the '^as 
is under a pressure of 760 mm. + vapor pressure of 17 mm., at room 
temperature of 20° C. 


Measured 

Per cent Sf )2 

Measured Vol. 

Per (ient SO 3 

lOCK) cc‘ 

. 1 22 

32(M) ee 

.... 38 

1100 cc. 

1 (K) 

:14()0 ee. 

. .36 

12 (K) (1 . 

1 01 

3()(K) ee. 

.34 

1300 cc 

03 

38(K) ee 

.32 

1400 cc 

. . .'87 

4(X)0 ec 

• 31 

1500 cc 

81 

4200 ee 

20 

16(K) cc. . 

76 

4400 ee . ... 

28 

17(K) cc- 

72 

4600 ee 

.27 

1800 cc 

(i7 

48(M) ec 

26 

19CK) cc. 

64 

5(KK) cc. 

25 

2000 cc 

. . .61 

5500 cc 

.22 

2100 cc 

58 

6 (XK) cc 

’20 

2200 cc 

55 

6500 cc. 

.18 

2300 cc. 

. . .53 

7(K)0 cc. 

17 

24(X) cc. 

.51 

7500 cc 

16 

25(K) cc. . . 

.40 

8000 cc. 

.15 

26(X) cc . . 

. . .47 

8500 cc 

14 

27(K) cc 

. . .45 

mXKJ e(* . 

. .14 

2S(K) cc ... 

44 

9500 C.C . . . 

13 

29(K) cc 

42 

10(XX) cc 

V2 

3000 cc 

41 



Sulphur Dioxide in the Inlet Gases of the Sulphuric Acid 
Contact System ' 

Apparatus. Burette. — This .should be of the bulb type with a 
graduated capacity of 100 cc. the bulb holds about 87 cc. ; the stem 
is graduated in tenths of a cubic centimeter from 0 to 12 cc. The 
diameter of this graduated portion is such that each cubic centimeter 
occupies approximately 18 mm. in length.* The total length of the 
burette is 45 to 50 cc. 

There is a constriction at the lower end of the burette, or the 
rubber tube connecting the burette wdth the levelling tube may be 
pinched down so that it requires 10 to 15 seconds to pass 100 cc. ol 
mercury in or out of the burette. ^ 

1 Method, by W. W. Scott 
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The burette has a water jacket of sufficient capacity to include 
the chamber of the burette and its praduatod i)ortiou. The diameter 
should be sufficient to accommodate the bulbed portion of the burette 
and a thermometer suspended by its side. Distilled water boiled 
free of air is used in this w^ater jacket. 

A thermometer repisterinp from 6 to 85° praduated in tenths of 
a degree is left suspended in the water jacket next to the bulb. 

Leveling Tube, — This is preferably a straight glass cylinder con- 
stricted at lower end to accommodate the lieavy-walled rubber tub- 
ing connecting the tube with the burette. This tube is about 52 cm. 
long and has a diameter of 18 to 25 mm. The lower iiortion of the 
tube, where this is held by the hand, has a covering either of rubber, 
or of a heat-insulating material, to prevent warming of the mer- 
cury while making the test. 

Capillanj Tube. — The tube connecting the burette with the 
pipettes and the sampling pipe should have a fine capillary — the 
entire internal capacity should not exceed 1 cc. Details of construc- 
tion show in the figure. 

Pipette. — Yhe cylinder of the pipette has a capacity of 150 to 
175 cc. The pipette reservoir of 500 to 550 cc. capacity is recom- 
mended. 

Reagents. Mercury. — Mercury is used in tlie measuring burette. 
This should be kept bright and clean and “ drag no fail.” To keep 
the gas saturated with nioi.sture the burette should contain about 
0.2 cc. of distilled water over the mercury. 

Water Solution of Chromic Acid. — A 50% solution is recom- 
mended, although a weaker solution may be used. The strength of 
the reagent, however, should be over 25% of CrOa- 

Sampling. — The iron pipes carrying the gas to and from the 
testing apparatus have a diameter of i in. to J in. The line is run 
from the positive pressure flue near the blower to the testing ap- 
paratus and back to the minus pressure flue entering the blower, 
and the gas allowTd to flow continuously through this shunt line. 

Making the Teat. — A volume of 100 cc. of the gas is drawn into 
the chamber burette (Fig. 113), by opening the stopcock A- {B 
being closed) and lowering the leveling-tube. Stopcock A is closed, 
B opened and the gas expelled into the air by raising the leveling 
tube H, using care to prevent mercury bumping at the top of the 
reservoir. (Mercury carried into the chromic acid will reduce this 
reagent.) A second 100 cc. of the gas is taken and expelled as be- 
fore. Finally a third 100’ cc., carefully measured, is taken for the 
test. The top of the mercury columns in the burette and leveling 
tubes should be exactly level. Thg water surface should be at the 0 
mark on the burette. Stopcock B is always closed during the drawing 
in of the gas. The temperature of the w'ater jacket is now observed. 
Stopcock A is closed and stopcock leading to the absorption pipette 
opened. The leveling tube is raised as before and the gas completely 
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passed into the pipette. The gas is drawn back into the measuring 
burette by lowering the leveling tube and measured. The mercury 
columns should stand at the same level, the reading being taken at 
the surface of the water over the mercury. A second pass into the 
pipette is now made and, if no further contraction of the gas occurs, 

. the reading taken. 



Fio. 113. Scott’s Gas Analysis Apparatus. 


The temperature, is 
observed and a correc- 
tion made of 0.3» cc. 
per degree (centigr^e) 
rise or fall of tempOTa- 
ture. This correction 
is added if the tein- 
perature rises, or Is 
subtracted if the tem- 
perature falls. 

The contraction of 
the gas,^ due to absorp- 
tion of SO 2 , in terms 
of cc. gives the direct 
per cent reading. 

Example: 

100 cc. of gas taken. 
Final reading 91.5, i.e., 
direct = 8.5 cc. 
Temperature change 
= 0.4° rise. 

Then 8.5 + (.4 X .36) 
= 8.6% SO 2 . 


Tests should be made in duplicate, each Orsat having two pipettes. 
Very little more time is required to run the check test if the follow- 
ing method is observed. The first sample is taken and passed into 
one of the pipettes; a second sample, immediately taken, is passed 
into the second pipette. The first sample is now again measured 
and then returned to the first pipette and then the check sample 
measured and returned to its pipette. The first sample is again 
measured and if a further contraction is observed it is again passed 
into its pipette and the process repeated with the second sample. 
By thus alternating the tests and allowing the gas to stand in the 
pipettes the second pass will cause complete absorption of SOs, 
third pass seldom being necessary. 
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TANTALUM AND COLUMBIUM 

Ta, at.wt. 181.6; sp.gr. 14.49; m.p. 2900°; oxides TaOa, TaiOb\ Cb, at.wt. 

93.5; sp.gr. 7.06; m.p. 1960°; oxides CbO, CbO^, CbzOti 

Tantalum and columbium occur commonly with tungsten in nature. 
In the following minerals, however, tantalum and columbium form 
the more important constituents: 

Columbitey (Ta Cb)2(Fe Mn)Ofi;i pyrochlorey RCb206K(Ti.Th)3; 
katchettolitey 2R((>bTa)206 or R2(Cb.Ta)207; fcrgusofiite, R(C'b.Ta)04; 
yttrotanUilitey RR(Cb.Ta)40iB.4H20; samarfikiley R3R2(Cb.Ta)6 O21. 

Tantalum is used in electric light filaments; it is also used for 
hardening steel for drills, files, cutting edges, watch springs, and i^cn 
points. It is used in rectifiers for alternating currents. 

DETECTION 

The finely powdered mineral is digested with strong hydrochloric 
acid, followed by concentrated nitric acid and the mixture taken to 
dryness. The residue is treated with hydrochloric acid, diluted with 
water, boiled and filtered. The residue is digested with warm am- 
monium hydroxide to remove tungsten and the solution filtered from 
the insoluble material, in which tantalum and columbium will be 
found, if present in the sample. 

Decomposition of the material may be effected according to the 
procedure described for the detection of tungsten. 

The residue o])taiued is <ligested, in a platinum crucible, with 
hydrofluoric acid and a saturated solution of potassium fluoride added. 
The mixture is evaporated to small volume and allowed to cool 
slowly. Tantalum will sei)arate in acicular rhombic crystals (solu- 
l:)ility — 1 part of the salt in 200 i)arts of water) as potassium fiuo- 
tantalate 2KF.TaF5; columbium separates in plates as the double 
fluoride, 2KF.CbFr„ if HF is in excess, or as a double oxy-fluoride 
2KF.CbOFi,, if HF is not in excess; the columbium salt being much 
more soluble (1 part of the salt in 12 parts of water) crystallizes 
after the crystals of tantalum have formed. 

The crystals may be examined under a lens and then treated as 
follows: The needle-like crystals are heated in a shallow platinum 
dish or crucible cover with strong sulphuric acid to fumes, the cooled 
mixture is transferred to a test-tube with water and boiled to pre- 
cipitate the tantalic acid. An opalescent solution is obtained when 

• ^ Columbite-Tantalite (Fe, Mn) (Cb,Ta)20«, black often bright, opaque, 
brittle mineral. In large masses and in pebbles in tin gravels; streak dark 
red to black; hardness 6. • 



560 


MKTALLUItGICAL ANAJ.YSIJ^ 


this i)recipitate is treated with an excess of hydrochloric acid. Metal- 
lic zinc added to tliis solution produces no color. A light-brown pre- 
cipitate is obtained with tannic acid in the presence of tantalum. If 
the crystals of columbium salt are treated in the same way, metallic 
zinc added to the acid solution will give a blue coloration, and tannic 
acid an orange-red coloration. Tantalic acid fused with sodium meta- 
phosphate gives a colorless bead (distinction from silica). The bead 
moistened with FeS04 and heated in the inner flame is not coljored 
red. Columbic acid fused in the same way gives a blue bead in\ the 
reducing flamt!, and a red bead by addition of FcSOi and heating in 
the flame. \ 



METALLURGICAL ANAT.YSIS 


661 


METHODS OF ANALYSIS 

Preparation and Solution of the Sample 

The statements made for solution .of the sample in determinations 
of tungsten apply here also. It is well to keep the following facts in 
mind : Tantalum is insoluble in the common mineral acids — hydro- 
chloric, nitric and suli)huric acids, but dissolves in hydrofluoric acid. 
Columbium is insoluble in hydrochloric, nitric and in iiitro -hydro- 
chloric acid, but dissolves in hot concentrated siili)huric acid. The 
oxides Ta206 and Cb^Os fused with KOII form soluble salts. CbaOs 
(not strongly ignited) is soluble in acids, from which (NH 4 ) 2 S and 
NH4OPI precipitate colurnbic acid (containing ammonia). Freshly 
precipitated tantalic acid is soluble in acids, and reprecipitated by 
NH4OH. The acid dissolves readily in HF. 

Tantaliferous Minerals. — Although decomposition may be effected 
by fusion with potassium acid sulphate, fusion with potassium hy- 
droxide is recofnmendcd as being the best flux for opening the minerals. 
Simpson’s process is as follows:* 

Three grams of pure potassium hydroxide are fused in a nickel 
or silver crucible and the finely powdered mineral (0.5 gram) added, 
the contents mixed by gently rotating the crucible and fusion kept 
at a dull red heat for ten minutes longer. The crucible placed in a 
hole in an asbestos board, Fig. 110, is heated over a free flame for 
half an hour, the sam})le being covered. Tlie lid is removed and al- 
lowed to cool reversed, if any material clings to this. The cooled 
crucible, placed in a beaker, is two-thirds filled with distilled water, 
and a clock-glass immediately placed over the beaker. After the 
violent reaction has subsided the contents of the crucible are poured 
into about 10 cc. of dilute hydrochloric acid (sp.gr. 1.08) in a 300 cc. 
beaker, and the crucible, basin and the lid washed with water, fol- 
lowed by about 20 cc, of the dilute acid, and again with water, add- 
ing the washings to the remaining solution. The total volume of 
the solution should occupy from 80 to 100 cc. A drop or two of 
alcohol are added to destroy any potassium manganate formed. 

Isolation of Columbium and Tantalum Oxides. — Separation from 
iron, manganese, copper, cobalt, nickel, calcium, magnesium, titanium, 
and tin. The solution obtained above is boiled with 5 to 10 cc. of 
hydrochloric acid (sp.gr. 1.16) (less acid may be used if titanium is 
absent). Columbium and tantalum hydroxides are precipitated. 
The solution is now diluted to 200 cc. and boiled for fifteen minutes 
longer to make sure that the precipitation is complete. After set- 
tling, the clear solution is decanted*through a close-grained filter and 
the residue, having been transferred to the filter, is washed with dilute 
hydrochloric acid (sp.gr. 1.08) until the washings give no indication 

1 E. S. Simpson, Chem. News, 99, 243, 1909. 
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of iron. The residue may contain tantalum, columbium, tungsten, 
silica, antimony, and tin. The greater part of the tin, titanium, and 
all of the iron, manganese, cobalt, nickel, copper, calcium, and mag- 
nesium are removed in the filtrate. 

Notisk. If the filtrate becomes, turbid, it is advisable to dilute the solu- 
tion and rei>eat the boiling to recover the columbium and tantalum that, may 
still be in solution. j 

In the presence of appreciable amounts of titanium a soluble 
double chloride of columbium and titanium is formed, so that\the 
precipitation of columbium is not complete. (See L. Weiss and Lan- 
decker, Chem. News, 101, 2, 13, 26, 1910.) The formation of this 
compound is hindered by the addition of an oxidizing agent — sodi^im 
nitrate — to the alkali. 

Removal of Tin, Antimony, Tungsten and Silica. — Tungsten is 
removed by digesting the moist precipitate with ammonium hydroxide 
or sulphide, tungsten being soluble in these reagents. Antimony and 
tin are also removed. 

Silica is volatilized by heating the residue with sulphuric and 
hydrofluoric acids according to the standard procedure. 

Tin. — The oxide may be reduced with hydrogen passed over the 
heated residue within a boat placed in a combustion tube. The tin 
may now be dissolved out with hydrochloric acid. 

Determination of Columbium and Tantalum 

The insoluble residue obtained, freed from other elements by the 
procedures outlined, is ignited at a red heat for fifteen or twenty 
minutes and the residue weighed as Cb 206 + Ta-iOs. 

Separation of Columbium and Tantalum, Selenium Oxychloride 

Method. ^ 

The method depends on the solubility of columbium oxide and 
the comparative insolubility of tantalum oxide in a mixture of sul- 
phuric acid and selenium oxychloride as found by Victor Lenher.^ 

The method worked out by H. B. Merrill is as follows: 

The oxides are separated together with titanium dioxide from the 
other elements by the usual methods and the total percentage of 
titanium and columbium pentoxides (with titanium) is determined. 

A weighed sample (0. 2-0.3 g.) of the ignited oxides is boiled with 
50 cc. of a 1 : 1 mixture of selenium oxychloride and strong sulphuric 
acid (sp.gr. 1.84) in an Erlenmeyer flask, on a sand bath for half an 
hour, avoiding heating to voluminous fumes. After cooling the solu- 
tion is carefully decanted from the residue, with suction, through 
asbestos in a Gooch crucible that has been weighed. The filtrate is 

* Henry Baldwin Merrill, Jour. Am. Chem. Soc. 43 , 2378, (Nov. 1921). 

* Victor Lenher, Jour. Am. Cham. Soc. 43, 21, (1921), 
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poured into a large volume of water and the solution boiled. A white 
precipitate indicates the presence of columbium. The residue in the 
flask is again extracted with 20 cc. of the reagent for fifteen minutes, 
the extract being poured through the asbestos filter and the filtrate 
tested as before for columbium. The process is repeated until the 
filtrate upon hydrolysis gives only a 'faint precipitate, due to traces 
of dissolved tantalum pentoxide. Three or four extractions are usually 
sufficient. 

The undissolved tantalum pentoxide is transferred to the crucible 
with a jet of water from a wash bottle. Washing unnecessary. The 
crucible is ignited and weighed, the gain in weight representing tan- 
talum pentoxide. 

Columbium (with titanium) is determined by difference. If titanium 
is present it is de'termiiied colorimctrically in a separate sample and 
its amount deducted from columbium. 
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THORIUM 

Th, at.wt. 232.4; sp.gr. 7.7; 11.00; m.p. 1700°; oxides Th02 | 

The estimation of thorium is reciuired chiefly in the fabricaiion 
of incandescent gas mantles. Raw materials such as motiatiie 
(C,La,r)i,Th) POi and thorite (ThSi 04 ) * are generally used. The fori^er 
usually contains from 2 to 4% of thorium while the latter runs Vis 
high as 81.5%. Thorium nitrate in a rather im])ure state is the 
chief intermediate product. The finished mantles generally contain 
99% ThOo and 1% Ce02. 


DETECTION 

(1) By means of the spectroscojHj. Thorium shows lines of 
greatest intensity in the arc spectrum at 4S()3.I1 and 4919.9. In the 
spark spectrum lines of greatest intensity at 3221.4, 3300.6, 4382.1. 
4391.1. 

(2) By the addition of H 2 O 2 to a neutral solution of the nitrate 
containing ammonium nitrate. See page 567. 

(3) By radio activity. Thorium compounds possess the power of 
continually emitting Becquerel rays and radio active emanations. 


Preparation and Solution of the Sample 

“A” Silicates (as thorite, etc.) are decomposed by treatment 
with ten times their weight of fuming hydrochloric acid. This treat- 
ment usually suffices, but in cases where an insoluble residue still 
remains it is fused with ten times its weight of sodium carbonate in 
a large platinum crucible. The fusion is dissolved in hydrochloric 
acid and added to the solution obtained from the first extraction. 
After the silica and the met.als of the first group are removed in the 
usual way the solution is freed from H 2 B by boiling. The thorium 
together with the other rare earths, calcium, magnesium, etc., are 
then present as chlorides and the necessary separations made as de- 
tailed under gravimetric determination. 

“ B ” Phosphates (as Monazite, etc.) — (1) By Fusion, iHth Potas- 
sium Acid Sulphate. — 0.5 gram ©f the finely pulverized material is 
mixed with 10 grams of potassium acid sulphate in a large platinum 
crucible, covered and heated until gentle fusion takes place and no 

* Orange yellow or black tetragonal crystals; translucent to transparent; 
resinous Imstre; streak orange to brown; hardness 4.5-5. 
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further gas is given off. Then ignite over free flame for a few min- 
utes, cool and treat with a little water and hydrochloric acid, until 
complete decomposition takes place. Boil for a few minutes, allow 
to cool and settle and decant off the clear liquid. The residue is 
treated with concentrated hydrochloric acid. Dilute and filter from 
the residue of silicic and tantalic ai'ids. The filtrate then contains 
the thorium, etc., as chlorides. Determinations are made as detailed 
under gravimetric methods following. 

(2) By Sulphuric Acid Extraction , — The finely pulverized sample 
is mixed with sufficient H 2 SO 4 to form a paste and the mass heated 
gently at first, then gradually with increasing heat to low redness. 
After cooling, the rare earths are dissolved from the mass with cold 
water. The thorium is then present in the solution as sulphate. 
After removal of the base metals in the usual way determinations are 
carried out as detailed below. 

“C” Oxides (as gas mantles, etc.). — In the case of gas mantles 
the organic matter is first burned off and the resulting oxides heated 
with three tinfbs their weight of strong H 2 SO 4 in a porcelain casserole. 
The mixture is heated on the sand bath at a tempcTaturc slightly 
below that recpiired to drive off fumes of SOa for a few minutes. 
After cooling, the contents are dihited with a small quantity of water 
and allowed to stand for several hours. The sulphates completely 
dissolve and the sample is ready for the gravimetric estimation as 
detailed. 

The following properties of thorium are of value in its isolation: 

(1) The hydroxide is insoluble in an excess of the precipitant. 

(2) The sulphate forms double salts with K 2 y 04 , which are in- 
soluble in an excess of the reagent. 

(3) Thorium oxalate readily forms a double oxalate with am- 
monium oxalate in an excess of the reagent. 

(4) Thorium is preeijutated together with the rare earths by 
oxalic acid. 

(5) Thorium and cerium may be separated from all of the other 
earthy metals if the hydroxides recently precipitated arc suspended 
in water containing four to five times their weight of caustic soda and a 
current of chlorine gas passed through the solution. All of the other 
metals dissolve. The insoluble residue left under these conditions is 
gelatinous like aluminum hydroxide. 

( 6 ) Thorium may be completelj'^ separated from cerium by pre- 
cipitation with H 2 O 2 from a neutral solution containing 10 % of am- 
monium nitrate, the thorium beitig precipitated as the peroxide, 
which on ignition readily changes to the oxide, Th 02 . See chapter on 
Cerium. 

(7) Thorium may be precipitated by sebacic acid. See method 

given in chapter on Cerium. • 
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(8) Thorium is quantitatively precipitated at room temperature 
as Th(Mo04)2 from a 7% acetic acid solution containing one gram of 
sodium acetate, by means of a solution of ammonium molybdate 
added from a burette. The other rare earths formed in monazite 
sand are not precipitated under these conditions. Dephenyl carbazide 
is used as an external indicator, h drop showing a rose color when an 
excess of molybdate has been added. The color is apt to fade. Tho- 
rium may be determined volumetrically by this means.* ' 

* F. J. Metzger and F'. W. Zone, J. Ind. Eng. Chem. 4, 1912, p. 495. 
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GRAVIMETRIC METHOD FOR DETERMINING THORIUM 

The solution of the ignited oxalates dissolved in HCl or H2SO4 
(freed from the base metals and silica, by precipitation as oxalates and 
filtration), is made nearly neutral with ammonium hydroxide and the 
rare earths rcprecipitated by the addition of oxalic acid in solution. 
In the case of monazitc sands w'hen 0.5 gram sample is used 1 gram of 
oxalic acid is generally sufficient, but in any case the precipitate should 
be allowed to settle and the clear solution tested by the further addition 
of oxalic acid. After standing at least twenty-four hours, it is filtered 
and washed thoroughly with water. The i)recipitate is then washed 
into a casserole and treated with strong nitric acid, a little added at a 
time until complete decomposition has taken place, then evaporated to 
dryness on the steam bath to remove the excess acid. A second evapo- 
ration with water should follow in cases where the precipitate is 
appreciable. Take up with 10% ammonium nitrate in sufficient quan- 
tity to cause ^a dilution of one part of thorium nitrate in 100 parts of 
water. It is heated to fi0°-80° C. and the thorium precipitated with 20 cc. 
of pure 3% II2O2 solution for each 100 cc. solution. The precipitate, 
which is usually colored yellow by traces of cerium peroxide, is filtered 
at once and washed with hot water containing ammonium nitrate. By 
reprecipitating after solution in nitric acid and neutralizing the excess 
acid with ammonia pure thorium peroxide may be obtained. The 
precipitate is ignited in a platinum crucible and weighed as ThOg. 

Thorium nitrate is assayed by precipitating the thorium as per- 
oxide according to the details given above. 


DETERMINATION OF MINUTE AMOUNTS OF THORIUM, 
JOLLY’S METHOD! 

Solids after pulverizing are fused with an alkali carbonate at 
1000° C. and the fusion extracted with water. The residue is dis- 
solved in dilute hydrochloric acid and set aside for some days in order 
to allow thorium disintegration products to develop. The thorium is 
then determined by boiling off the emanations in a constant stream 
of air which is passed through an electroscope. The rate of discharge 
of the electroscope is compared with that produced when a known 
amount of thorianite was tested. It is necessary to boil the solu- 
tions before testing to expel any radium emanation that may be pres- 
ent. 


! J. S. C. L, Vol. 34, 422. 
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DETERMINATION OF THORIUM IN MONAZITE SAND 

The following method of Carney and Campbell ^ is recommended 
by J* P. Bonardi. Tlie rare earths, iron, titanium and zirconium do 
not interfere. 

Preparation and Solution of the Sample. — Fifty grams of the 
dry sand are weighed and transferred to a porcelain dish (500 cc., 
7 in. deep), 100 cc. of strong sulphuric acid are added, stirring\ into 
the sand. The dish is placed in a sand bath and heated over a name 
at such temperature as to cause but slight fumes from the sulphuric 
acid. The material is stirred every half hour. In one to two hOurs 
the mass swells and turns white. Five hours are generally sufficient 
to disintegrate the sand, but it is desirable to digest for twelve hours 
longer. The mass is then allowed to cool. 

An 800 cc. beaker is filled three-fourths full with finely crushed 
ice. By means of a porcelain spatula the digested material is trans- 
ferred in small portions to the beaker, stirring well af|er each addi- 
tion. When practically all the sample has been removed from the 
dish, that remaining is mixed with a little cruslied ice and trans- 
ferred to the beaker. The whole is allowed to rise to room tempera- 
ture. Except for tlie residue of sand, which consists mainly of silica 
and ilmonite, the contents of the beaker are completely transferred 
to a liter volumetric flask, and the solution diluted to 1000 cc. 

Note. — The solution may be cloudy from some silica in suspension. This 
is later removed as soluble sodium silicate by a later sodium hydroxide treatment. 

Analysis of the Solution. — Fifty cc. of the solution are trans- 
ferred to an 800 cc. beaker and made up to a volume of 450 cc. with 
distilled water. The acidity of the solution will be about .2 to .35 N. 
The beaker is covered with a watch glass, a stirring rod placed in 
it, and the solution heated to boiling, stirring occasionally to prevent 
bumping. 5 cc. of sulphurous acid are added to reduce the iron and 
cerium. If the solution remains yellow, 3 to 4 drops of sodium thio- 
sulphate solution (lOCci) will complete the reduction. 15 cc. of sodium 
pyrophosphate solution (50 grams per liter) are added by means of 
a pipette. The solution is boiled for five minutes then immediately 
filtered. The filtrate is discarded. 

Note. — C louding of the filtrate is due to oxidation of iron and cerium and 
precipitation of these by the excess of pyrophosphate. 

With the aid of a policeman and acidulated water (1 drop HCl 
per 200 cc, of water) the last traces f>f thorium pyrophosphate are trans- 
ferred to the filter paper. 120 cc. of sodium hydroxide solution (25%) 
are poured into the beaker and this set aside for subsequent use. 

' R. J. Carney and E, D. Campbell, Jour. Am. Chem. Soc., 36 (1914), pp. 
1134-1143. 
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After being drained, the filter paper and precipitate are lifted 
out of the funnel and placed on a piece of clean blotting paper, and 
dried thus for 2-3 minutes. The filter paper is doubled over the pre- 
cipitate and rolled into a cylinder (removing from the blotting paper) 
and the material dropped into a 300 cc. Kjeldald flask. About 20 
cc. of strong sulphuric acid are addefd and the flask gently shaken to 
char the filter. By means of a long stem funnel 2 to 3 cc. of fuming 
nitric acid arc added to the mass in the flask (ilood). (In case of 
excessive foaming cool in water, under the taj).) 

When foaming has ceased the mixture is heated over a low flame 
gradually increasing the heat until sulphuric fumes are freely evolved 
from the mouth of the flask. The heating is (joiitiiiued until the 
contents of the flask become i)ractically colorless (or a faint straw 
color). It may bo necessary to add more nitric acid (cooling the 
contents of the flask before addition) and again heat. 

After the mass lias cooled, the funnel is rinsed into the flask, 
and water added to make uj) a volume of about 100 cc. 

When the, material has gone into solution (cloudiness will be due 
to silica) it is poured into the sodium hydroxide in the beaker re- 
served for this purpose. The flask is rinsed out three or four times 
and the rinsings added to the NaOlI solution. The volume is made up 
to 450 cc. and the liquid boiled for about 5 minutes, then filtered Jiot, 
and the beaker rinsed once with hot water into the precipitate. 

The precipitate is allowed to drain and then placed with the 
filter back into the beaker. 12 cc. of hydrochloric acid (1.19) are 
poured over the precipitate and allowed to stand for 5 minutes with 
occasional shaking. All of the hydroxide should dissolve. 100 cc. 
of hot water are added and the filter stirred, then drawn up on 
the side of the. beaker and allowed to drain. The filter (held by a 
glass rod) is rinsed into the beaker with hot water, then rolled and 
squeezed by means of the fingers to remove the adhering water. 
The wad is placed in the Kjeldahl flask. 

The volume of the solution is made up to 450 cc. and thorium 
again precipitated as pyrophosphate, and the treatment described 
above repeated, the thorium being converted into sulphate, hydroxide 
and chloride by the successive steps. Only 10 cc. of hydrochloric 
acid are used in making the second chloride solution. The final 
solution diluted to 100 cc. is filtered into an 800 cc. beaker. The 
first beaker is washed out several times with hot water adding this 
to the second until the is 450 cc. Traces of iron and rare 

earths are now removed. 

The solution is heated to boiling and 35 cc. of oxalic acid solu- 
tion (60 grams per liter) are added drop by drop from a burette 
and then boiled for 15 minutes. Thorium is precipitated free from 
titanium and zirconium. The beaker is placed on the steam bath 
and allowed to remain, covered, at* least 5 hours or preferably over- 
night. 
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The precipitate is filtered on a 9 cm. filter, the beaker copped 
out, using acidulated water (1 drop of HCl per 200 cc. H 2 O) and pour- 
ing over the precipitate. After draining, the precipitate is placed in 
a weighed platinum crucible over a low flame and dried, the heat 
then raised and the ignition continued with strong heat for about 30 
minutes. The residue should be anow-white. 

The crucible is cooled in a desiccator and the residue weighed 
as ThOa. I 


ThOa X 0.879 * Th 

A greater part of this chapter was compiled by II. Stuart Owens, Con- 
sulting Chemist, New York City. ' 
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TIN 


Sn, at.wt. 118.7; sp.gr. 8.66; m.p. 232°; b.p. 2276°; oxides SnOs and SnO 

The estimation of tin is required in eonneetion with the analysis 
of tin ores, dross, ashes, dust, tin plate, alloys such as solder, canned 
foods, and general analysis. 


OCCURRENCE 

Tin is seldom found in native state, it occurs to a slight extent 
as the sulphide SnS 2 , but is widely distributed as cassiterite or tin 
stone, Sn 02 . 

Minerals. Tin Pyrites, (Cu 2 S.FeS.SnS 2 ), a massive, 

brittle, opaque, granular mineral, with metallic lustre, steel gray to 
nearly black; black streak; hardness 4. 

Cassiterite. — Stream Tin, Tin Stone, a brown to nearly black 
(sometimes gray, red or yellow), opaque to translucent, hard, brittle 
and heavy mineral with adamantine to dull lustre; white or pale 
brown streak; hardness 6-7. Often in kidney shaped masses or 
rounded pebbles, or with radiated structure. 

The mineral placed on a piece of zinc in dilute hydrochloric 
acid becomes coated with gray metallic tin. 

Varieties. — Tin Stone, Wood Tin, Stream Tin. 

DETECTION 

Tin is separated, together with arsenic, antimony, gold and plati- 
num, from the hydrogen sulphide precipitate of the metals of the 
second group, by the action of yellow ammonium sulphide. (Normal 
ammonium sulphide does not readily dissolve the sulphides of tin.) If 
the ammonium sulphide solution is acidulated with hydrochloric acid 
and the acid solution reduced with iron, antimony, arsenic, platinum 
and gold are precipitated in the metallic form. The presence of tin, 
which is present as stannous chloride, is indicated by the reducing 
action of the solution on^ mercuric chloride, a white precipitate of 
HgCl or a gray precipitate of Hg being thrown down. 

Reduce the hydrochloric acid solution of the sample by means of 
a small piece of iron wire. Treat, with an excess of cold potassium 
hydroxide. P'ilter if the solution is not clear. Add an ammoniacal 
solution of silver nitrate. (One part of AgNOa : 6 parts of NH4OH.) A 
brown precipitate of metallic silver indicates the presence of tin. 
Antimony, arsenic, platinum and gold are precipitated by the iron, 
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while all of the heavy metals remaining, except lead, tin, aluminum, 
chromium, and zinc, are removed by the treatment with potassium 
hydrate. 

Welch and Weber recommend the following method for detection 
of tin: Add 10 cc. concentrated hydrochloric acid to the super- 
ficially-dried precipitated sul])hide»*i from the ammonium sulphide separa- 
tion. Filter off arsenic which does not decompose. Dilute filtrate to 
70 cc. volume. Saturate with H 2 S. Heat to expel excess H 2 S. I Add 
5 cc. of hydrogen peroxide and heat until the precipitate is redissolved. 
Add 5 to 10 grams of oxalic acid and pass H 2 fi into the hot soluWn. 
Antimony separates as a red sulphide. Filter. The filtrate contkins 
the tin. Reduce with test lead and add mercuric chloride. A white 
or grayish precipitate indic.ates the presence of tin. 
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GRAVIMETRIC METHODS 
Preparation and Solution of the Sample 

As the oxides of tin are not readily soluble in acids the tin can 
be most easily removed by assay. Ores, slags, dross, and ashes are 
first subjected to the assay process. The button obtained is then 
analyzed either volume trically or gravimetrically by one of the 
methods given below. Having the weight of the button and the per 
cent of tin in it, the per cent of tin can be calculated. 

Assay of Tin by the Cyanide Process 

The theory of this method is that the oxides are reduced to the 
metal by the action of potassium cyanide, the reaction being repre- 
sented as follows: 

SnOo + 2KCN = Sn + 2KCNO. 

Potassium rjyanide reduces otlier metals also st) that the button ob- 
tained is not pure. 

Procedure. — Take 100 grams of the sample which has been dried 
and finely powdered. (For complete analysis the moisture should be 
determined in the usual way.) Mix thoroughl}^ with four times its 
weight of powdered i)otassium cyanide. Place about 1 in. of potas- 
sium cyanide in the bottom of a number II (height 5J ins., diameter 
3} ins.) Battersea clay crucible. Place the mixture of sample and 
cyanide on top of the cyanide in the crucible and cover with enough 
more cyanide to fill the crucible to within 1 in. of the top. 

Place the crucible*, in the assay furnace and heat slowly until it 
has been thoroughly warmed and the cyanide begins to melt. Then 
increase the heat gradually to a pure white, taking care that the 
cyanide does not boil over. Grasp the crucible with the tongs and 
tap it gently on the hearth to assist in settling the metal. Continue 
the heating until all of the organic matter has disappeared, adding 
more cyanide from time to time if necessary. Near the end of the 
process the molten mass becomes clear and transparent and finally 
pasty and translucent. When this last condition appears, remove 
the crucible from the furnace and allow it to cool slowly at the tem- 
perature of the room. 

When cool, l)reak the crucible and slag away from the button. 
The appearance of the Imtton and the slag immediately surrounding 
it indicates whether or not the proces.s has been ])roperly manipu- 
lated. The button itself should be firm and compact and the slag 
around it should be white or greenish in color. If the button is 
spongy or if the slag has a dirty black color, the assay should be 
discarded and a new determination made, using a fresh sample. 

Weight of Button = i)er c6nt of Mojtal in Sample. 

NoTfl. This process should be earned on under a hood in a segregated 
room, and every precaution should be taken to avoid breathing the fumes. 
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The Sodium Carbonate Method 

The Hample is fused with equal parts of sodium carbonate and 
sulphur. The fusion is then dissolved in water. The tin goes into 
solution as a thiostannate of sodium. Iron and copper are then sepa- 
rated by the addition of sodium sulphite, leaving arsenic, antimony 
and tin in solution. 

Fusion' with Sodium Hydrate. — The sample of ore is fused with ten times 
its weight of sodium hydrate. The process is carried out in an iron crucibM 
and then transferred to ni(;kel. 'I'hc fused mass is dissolved in water and! 
the tin determined in the usual way, \ 

Reduction by Means of Hydrogen. - - The ore may be reduced by strongly ' 
imiting in a porcelain tube in a current of hydrogen. The reduced metal is \ 
tnen dissolved in hydrochloric acid and the tin estimated by a standard method. \ 

Fusion with Sodium Peroxide. — J. Darroidi and C. Meiklejohn opened 
ores, slags, etc., by fusing with sodium peroxide in a nickel crindble. They 
dissolve the fused mass in hot water and acidify with hydrochloric acid. The 
sample is then ready for the necessary st‘pariitions. 

t 

Notes on Separations 

Tin is separated from iron, aluminum, chromium, etc., by the insolubility 
of its sulphide in dilute hydrochloric acid. Tin, together with antimony, 
arsenic, platinum and gold, is separated from lead, mercury, co[)per, cad- 
mium and bismuth, by the solubility of its suh^hide in yellow ammonium sul- 
phide. Antimony, arsenicj platinum and gold ar(‘ precipitated as metals from 
a hydrochloric acid solution by the action of uu^tallic iron, leaving tin in 
solution. 

A few special separations are of interesi 

Tin and Lead. — For the analysis of lui alloy of lead and tin, it is usually 
preferable to make the estimations on different samples. In this case^ lead 
IS estimated by Thompson’s method and the tin by Baker’s modification of 
the iodine method. Lead can also b(* separated from tin by the method given 
below for the separation of tin and copper 

Tin and Copper. — This alloy can be dis.solvcd in concentrated hydro- 
chloric acid by the addition of potassium chlorate. A large excess of am- 
monium tartrate is added and the soliiiioii made alkaline with ammonia. 
Copper is then precipitated as sulphide by the addition of hydrogen sulphide 
water until no more precipitate is formed. 

Tin and Antimony. — Antiiiioii.y is .separated, in the metallic form, . 
from the hydrochloric acid solution of tin? alloy, by the action of 
metallic iron placed in the solution. The tin may be determined by 
the iodine method without the removal of the antimony. If the an- 
timony is desired, it may be filtered off and determined in the usual 
way. 

As in the case of lead, it is u.s/ially (piieker and more aecurate to 
make these, determinations on separate samples. The tin can be de- 
termined by the iodine method. The antimony can be determined 
volumetrically by various methods, preferably the bromate. (See 
chapter on Antimony.) ' 
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Tin and Phosphorus. — One-half gram of the alloy is dissolved in 
15 cc. of concentrated hydrochloric acid containing potassium chlorate. 
This is diluted to 200 cc. with water and warmed. It is then treated 
for a long time with hydrogen sulphide gas. The tin is all precipitated 
as sulphide while the pho.sphorus remains in solution. 

Tin and Iron and Aluminum. — Tin is separated from iron and 
aluminum by precipitation, as sulphide, from the hydrochloric acid 
solution. 

Iron may also bo separated from tin with copper, and lead by 
precipitation as sulphide from the alkaline ammonium tartrate solution. 

Tin* and Tungstic -Acid. — Donath and Mullner separate tin oxide 
from tungstic acid by mixing the sample with zinc dust and strongly 
igniting in a covered crucible for fifteen minutes, boiling with dilute 
hydrochloric acid, oxidizing with potassium chlorate to change the 
blue tungstic oxide to tungstic acid and diluting with water. It is 
then allowed to stand overnight and filtered. The tin is in solution. 
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Gravimetric Determination of Tin in Alloys 

Solutions Required. — Dilute Hydrochloric Acid: Mix 500 cc. of 
HCl, sp-gr. 1.20, arid 500 cc. of distilled water. 

Dihiie Sulphuric Acid: Mix ,1100 cc. of H2SO4, sp.gr. 1.84, and 600 
cc. of distilled water. 

Dilute AmMouia: Mix 100 cc. of NH4OR, sp.gr. 0.90 and 900 ccj 
of distilled water. I 

Ammonium Acetate Solution for Washing: Dissolve 10 g. of amA 
moniuin acetate in 300 cc. of distilled water. Make slightly aeid with\ 
acetic aeid and saturate with H2S gas. \ 

Method. — In a 150 cc. beaker dissolve 2 g. of bronze in a mixture ' 
of 10 cc. of HCl, sp.gr. 1.20, and 5 cc. of HNO3, sp.gr. 1.42. Dilute ' 
to about 75 cc. with distilled water. Add NH4OH, sp.gr. 0.90, until 
the basic salts of copi)er liave dissolved and the solution has become 
a dee]) blue. Roil and allow to settle, and filter on a closely woven 
filter paper. Wash with dilute ammonia and with hot water. Dis- 
solve the i)recipitate on the lilter with hot dilute HCl. Dilute the 
solution to about 100 cc. Add NH4OH, sp.gr. 0.90, until a perma- 
nent precipitate forms. Heat the solution to boiling, allow to settle, 
filter and wash as before. Dissolve the i)reci])itate on the filter with 
boiling hot dilute H2SO4, washing the paper very thoroughly with 
this acid. Add NH4OH, sp.gr. 0.90, cautiously until the precipitate 
which forms at first dissolves rather slowly. Allow the solution to 
stand for some hours and if any lead sul])hatc forms filter it off. Dilute 
the solution to about 200 cc. and saturate it with H2S gas. Filter 
the precipitated tin sulphide off on double papers and wash with am- 
monium acetate solution, retaining the filtrate and washings from the 
iron determination. Dry the precipitate and place it with the papers 
in a porcelain crucible which projects part way through a hole in a 
piece of asbestos board. Heat slowdy until any free sulphur has been 
driven off, but without allowing the sulphur to burn. When the sul- 
phur has been expelled, place the crucible on a triangle and ignite 
slowly at first and finally at the full heat of the burner. If the pre- 
cipitate weighs more than 20 mg. heat to constant weight, using a 
blast lamp. Weigh as SnO?, which contains 78.81 per cent of tin. 

Accuracy: Duplicate determinations should check within 0.06 per 
cent of tin. 

Notes. If, during ignition, the sulphur is allowed to burn, some tin sul- 
pliate may be formed, causing high results. On the other hand, low results 
may be caused by too high heat, which causes 8{)attermg and volatilizes some 
tin sulphide. 

Tin and iron are best determined on the same sample, retaining the fil- 
trate from the tin sulphide precipitate to use for the iron determination. 
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VOLUMETRIC DETERMINATION OF TIN 

Volumetric methods for the determination of tin are based upon 
the reducing power of stannous compounds. They vary according 
to the oxidizing agent used and the details of manipulation. 


LENSSEN»S IODINE METHOD AS MODIFIED BY BAKER > 

This method is a modification of Lensseii’s Iodine Method for the 
determination of tin in alkaline solutions. It is especially applicable to 
the determination of salts of tin in canned f()f)ds and to the estima- 
tion of tin coaling on tin jdate, but is accurate, rai)id and very 
satisfactory for alloys and general analysis. 

The method is based on the action of iodine in the presence of 
stannous chloride in hydrochloric acid solution. The reaction in- 
volved is: 

SriCl, + U + 2HCI = SnCU + 2JT1. 

Iron, lead and antimony do not interfere with the reaction. 
(Jopper in small quantities does not interfere with the determination, 
but if it is present in large (luantitics as a salt, it is likely to produce 
low results. Determinations made by the writer show that results 
are accurate when less than 10% copper, as c.oppc'r chloride, is 
present. Larger amounts gave consistently low results. The reason 
for this fa(;t centers around the difficulty of reducing all the copper 
to the cuprous form. If any CuCla is left in the solution, it reacts 
with the potassium iodide of the iodine solution, causing the iirc- 
cipitation of Cul and the liberation of free iodine, 

2 CuCL + 4Kr = CuJ, + 4KC1 + L. 

Copper present as the metal is not easily soluble or goes into solu- 
tion in the reduced form and is not likely to disturb the determina- 
tion. 

Solutions — Standard Tin Solution. — 13issolve 5.79 grams of 
Kahlbaum’s C.P. tin in C.F. hydrochloric acid.^ The solution of the 
tin is effected by placing about 150 cc. of HCl in an Erlenmeyer flask, 
together with the tin, and boiling. After the tin has all been dis- 
solved, transfer to a volumetric liter flask and make up to the mark 
with dilute hydrochloric acid. 

1 cc. = .00579*gram of Sn. 

1 The details of this method as given were developed by Mr. H. A. Baker 
at the laboratory of the American Can Company, and have been modified 
in accordance with the findings of several years o^ experience. 
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Standard Iodine Solution. — Dissolve 12.7 grams of C. P. iodine 
in a water solution of 20 grams of potassium iodide. Make up to 
one liter and standardize against the standard tin solution. For tin 
plate analysis, it is convenient to adjust the iodine solution so that 
1 cc. equals exactly .00579 gram of tin. Then, if a sample of the plate 
having a total surface of 8 sq.ips. is taken, 1 cc. of the iodine solu- 
tion is the equivalent of one-tenth of a pound per base box.^ 

Indicator. — Dissolve 5 grams of pure soluble starch in 1 liter of 
water. 

Air-free Water. — Dissolve 12 grams of bicarbonate of soda in 
one liter of water. Add 20 cc. HCl and allow the resulting gas to 
escape. Keep in a stoppered bottle. ^ 

^ocedure. — For practical purposes, take a sample, such that \ 
the tin content will be between .2 gram and .5 gram. A larger sample \ 
should be taken for extreme accuracy in order to decrease the pos- 
sible technical error. Place the sample in flask A of the Sellars ap- 
paratus, Fig. 114, togetlier with 100 cc. of cone. C. P. HCl.^ Stopper 
the flask and connect tubes IS and D, as shown in the illustration. 
Boil until the metal is all dissolved. This point is indicated by the 
cessation of the hydrogen evolution and the appearance of large well- 
developed bubbles. If a sufficient amount of metallic iron is present 
in the sample, complete reduction is assured. If no iron was present 
in the sample, or if there was not enough to reduce all of the tin, 
make sure that the tin is all converted to the stannous form by add- 
ing aluminum foil (about 1 gram). Replace the stopper and connect 
as originally. Boil until normal bub])los reappear. Open cock C 
to allow C/O 2 gas to enter. Place the flask in cooling bath F with- 
out disconnecting the apparatus. After the solution has become thor- 
oughly cool, disconnect tubes B and D from the splash bulbs. 
Wash the bulbs with “ air-free ” water, allowing the washings to 
drain into the bulk of the sample. Remove the stopper and wash 
down the sides of the flask. About 50 cc. of water should be used 
in the washing so that the final sample contains about 25% HCl. 
Add 5 cc. of starch solution and titrate with the standard iodine solu- 
tion. 

cc. iodine X .00570 X 100 

1 I)er cent bn, 

Weight of Sample 

or 

cc. iodine ^ box.” 

^ “ Basebox ’’ — 112 sheets of tin, 14 x 20 ins. 

* The addition of a drop or so of antimony chloride (10% sol.) accelerates, 
by electro-couple action, the decomposition of tin by HCl. The metallic anti- 
mony precipitated does not*interferp with the determination. 
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Fio. 114. Sellars’ Apparatus, 


The SeUars Apparatus. - This apparatus is a device deigned by 
Mr’w SSellarr American Can Ce., for the purimse f 
to^dutfon of tin samples out of contact with air. Added to this 
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advantage, it is equipped with a water cooler. It is also constructed 
so that the tubes and scrubbing bottles can bo cleaned by flushing 
with water. The use of this apparatus j)ractically eliminates the 
usual sources of error in connection with the iodine method, and at 
the same time greatly increases the speed of the determination. Fig. 
114 shows the apparatus. 

A. 30-cc. Erlenmeyer flask. 

B. Connection with reduced pressure line from liquid carbon di4 

oxide cylinder. 1 

C. Glass manifold. \ 

D. Exit connection to trap. \ 

E. Water trap to prevent escape of IIC1 fumes and to prevent air' 

from backing into the flask. 

F. Cooling tank. 

G. Low-pressure water wash-out manifold. 

H. Perforated feed pipe to water cooler. 

K. Outlet for cooler. 

L. Electric hot plate. 

M. Lead dram pipe. 
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VOLUMETRIC METHOD FOR TIN IN ALLOYS 

The titration of stannous solutions by iodine may be represented 
by the following reaction: 

SnO + 21 + H 2 O = SnOz + 2HI. 

Sn is equivalent to 0 or to 2H, hence a normal solution contains 
one-half the molecular weight of Sn, or 59.35 grams per liter of solution. 

Apparatus. — This consists of a 300 cc. Erlenmeyer flask, with a 
one-hole stopper, through which passes a quarter-inch glass tube dipping 
in a 65 cc. test tube, which it supports by means of a wire as shown in 
Fig. 115. In place of the test tube a 150 cc. beaker may be used, and 
a rubber tube 12 to 15 inches in length, one end connected with the 
apparatus and the other connected with 2-3 inches of glass tubing, 
which dips in the beaker containing a bicarbonate of sodium solution. 

Reagents. — 0.1 N. iodine solution 
Standardize against a sodium arsenit 
(arsenious acid) solution. 1 cc. O.IN 
« 0.005935 g. of Sn. 

Starch solution. Sulphuric and hy 
drochloric acids. Antimony powder. 

Procedure. — Decomposition of ih 
Sample. Tin alloys generally dccom 
pose in hydrochloric acid, but mor 
readily in strong, hot sulphuric acid. 

A factor weight 0.5935 gram of th 
tin alloy is placed in a 300 cc. Erleii 
meyer flask and 10 cc. of strong sulphuri 
acid added. The mixture is heated, pre 
ferably over a free flame, until the alio, 
completely disintegrates. Nearly all 0 
the excess of free acid is expelled keep 
ing the flask in motion over the flame to 
lessen the tendency towards bumping, which is apt to occur during 
the concentration. The moist residue is allowed to cool. 

100 cc. of (air free) water are added followed by 50 cc. of strong 
hydrochloric acid and the mixture gently warmed until the solution 
begins to clear. The apparatus is now assembled as shown in the 
figure, about 15 cc. of 10% (saturated solution) sodium bicarbonate 
being placed in the test tube (or 50 cc. in the beaker, if this is pre- 
ferred to a test tube). ^ 

About 1 gram of very finely powered antimony metal is placed in 
the flask, followed by 10 cc. of saturated sodium bicarbonate solution, 
the stopper being removed during the addition and then immediately 
replaced. The air is displaced by the CO 2 generated. 
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The apparatus is now placed on a hot plate, or on an inverted sand 
bath dish over a flame, and the solution is gently boiled for 10 to 15 
minutes. The antimony should be of such fineness as to remain sus- 
pended during the ebullition of the liquid at this stage. 

The test tube is now nearly filled with saturated sodium bicarbonate 
and the apparatus removed to a«dosk for a few minutes, and then placed 
in a cold water bath of running water or under tap water, until the 
solution cools down to near room temperature. During this coolidg 
carbonate will be sucked back into the flask “ A to establish pressure 
equilibrium, CO 2 being generated in the flask. Sufficient solution 
will remain in the test tube to act as a seal and prevent admission ol 
air, which would spoil results by its oxidation of the tin. \ 

The tube B and the test tube C are disconnected, and 5 cc. of starch^ 
solution added by means of a pipette, passing through the hole in the \ 
stopper (which should be loosened in the throat of the flask). 

Standard iodine solution is now added, the tip of the burette passing 
through the hole of the stopper, agitating the solution by a swirling 
motion of the flask. The ond-poinl is a blue color, which does not fade 
on stirring the solution. 

If a factor weight has been taken, each cc. of the iodine of O.lN 
strength is equivalent to 1 per cent of tin. 
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INDUSTRIAL PRODUCTS AND RAW MATERIALS 
BICHLORIDE OF TIN 

Bichloride of tin is of great importance in some of the industries, 
especially the textile. It is necessary to have exact analytical con- 
trol of the processes in which this compound is used in order to in- 
sure uniform results and to certify the efficiency and economy of the 
process. Several methods have been developed for this purpose. 
The ones given below have had practical application and have proven 
to be satisfactory. 

Stannic Acid Method. Hot-water Precipitation. — In the textile 
industry where bichloride of tin is used, the efficiency of the process 
depends directly on the neutrality of the tin liquor. If there is more 
than enough chlorine present in the bichloride solution to exactly 
oxidize all the tin to the stannic form, this excess is called “ free 
HCl.'* If there is not enough chlorine present to do this, the de- 
ficiency is spoken of as basic HCl.’’ The difficulty of determining 
the “ free ” or “ basic ” HCl is apparent when it is known that SnCL 
readily decomposes in water, liberating free acid, The following 
method has been developed especially for this purpose and has given 
good results. 

The important point in this analysis is to determine whether the 
liquor has ‘‘ free ” HCl present or whether it is “ basic " in nature. 
It has been found that hot water precipitates tin from the SnCL 
solution as stannic hydroxide and at the same time liberates the 
chlorine as free HCl. 

SnCL 4- 4 H 2 O - Sn(OH)4 -f 4HC1. 

The Sn(OH )4 separates in a colloidal precipitate which may be 
filtered off and the tin estimated as SnOs. The liberated acid may be 
determined in the filtrate, and from this data the free ” or “ basic 
HCl can be calculated. 

Procedure. — For accurate work about 20 grams of the liquor 
should be weighed out in a taxed weighing bottle, but for works con- 
trol, where time is an important factor, it is sufficiently accurate to 
get the specific gravity of the liquor by means of a hydrometer and 
take a measured quantity for a sample, calculating the weight from 
these data. 

Transfer the sample to a 100 cc. volumetric flask. Make up to 

volume with cold distilled water. Draw out of this solution 10 cc. 

(approximately 2 grams) and place in a 150 cc. tall beaker. Fill 
the beaker nearly full with boiling hot water, stirring continuously 
while the water is being poured in. Place the beaker on top of the 
steam bath and allow the precipitate to settle. Decant the liquor 

through an 11 cm. 590 S. &. S. filter and wash the precipitate six 



584 


METALLURGICAL ANALYSIS 


t 

times by decantation, using hot water. Now transfer the precipitate 
to the filter and continue the washing until 1 drop of the filtrate 
gives no test for chlorine. After most of the water has drained out 
of the filter, place the paper and precipitate in a tared silica crucible. 
If there is plenty of time, dry the contents of the crucible on an as- 
bestos board over a low Bunsen flame. In case the analysis must 
be made in a hurry, cover the crucible and heat it very carefully 
over a low flame until all the water has been driven out and the pape 
has been charred. Then remove the cover and increase the heat 
the full Bunsen flame and finally blast to constant weight. Weigl\ 
as Sn02. Titrate the filtrate with N/1 NaOH, using methyl orangey 
as the indicator. 

\ 

Calculation: 

SnOa X .7877 = Sn Sn X 2.1945 = SnCU SnCU - Sn = Cl cquiv. 
to SnCl X 1.0282 ~ HCl equiv. to Sn. 


HCl 


Weight of sample 


= per cent of HCl eqiKv. to Sn 


cc. of N/1 NaOH X .0364() 


The difference between these last two figures equals free ” or 
‘‘ basic ” HCl. 

The Acker Process Method. — The tbeorv of this method is prac- 
tically the same as that of the hot-water method, except that in this 
case the liberated acid is neutralized with ammonia before the stannic 
hydroxide has been filtcTcd off, the advantage being that any solution of 
the stannic hydroxide, by either acid or alkali, is j)revented. The 
method is not applicalile for the determination of “ free ” or “ basic " 
HCl. 

Procedure. — Weigh out 25 cc. of the bichloride of tin solution. 
Transfer to a 500 cc. flask (volumetric) and make up to volume 
with cold water. With a standardized pipette transfer 25 cc. of this 
solution to a No. 4 beaker. Dilute with hot water to precipitate 
most of the tin as stannic hydrate. Add 10 drops of phcnolacetolin 
(1 gram of phenolacetolin dissolved in 200 cc. of water). Titrate 
very carefully with dilute ammonia until the appearance of a rose- 
red color. Boil a few' minutes on the hot plate. Allow the tin pre- 
cipitate to settle. Decant through an 1,1 cm. filter paper. Wash 
rapidly with hot water without allowing the precipitate to cake down 
in the filter until the w'ashings are free from chlorine. Dry the pre- 
cipitate in an oven at 100® C. When dry, invert the filter into a 
tared porcelain crucible and heat on a gauze until the paper has 
disappeared. Remove the gauze and heat with the full Bunsen flame 
for a few minutes. Finally blast to constant weight. Weigh as 
SnOj. * • 
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Take the filtrate and washings and dilute them to a volume *of 
1000 cc. Warm 500 cc* of this solution and saturate it with hydrogen 
sulphide. If any tin separates, filter and ignite in a tared porcelain 
crucible. Moisten with a little nitric acid and heat very slowly to 
drive out the acid. Ignite to constant weight. Weigh as SnO*. 
Add this result to the Sn02 obtained above when calculating the final 
result. 


Determination of Tin in Bichloride of Tin as Sulphide 

This method is given a.s an alternative for the Acker Process 
Method and may be used as a check on tliat process. Uniform and 
concordant results have been obtained by the use of the two metliods. 

Procedure. — Weigh out 25 cc. of bichloride and dilute to 500 cc. 
volume with cold distilled water. Take 25 cc. portions of this solu- 
tion for analysis. Dilute tlie sample to 250 cc. Saturate with hydro- 
gen sulphide. « Warm the mixture on a hot plate at a temperature 
of about 65° C. until the precipitate is coagulated. Test the clear 
supernatant liquor for unprecipitated tin by adding a little hydrogen 
sulphide water. Filter on an ashless filter and wash free from 
chlorides. Make the filtrate and w'ushings up to 1000 cc. volume for 
further determinations. Dry the tin sulphide preci])itate on the 
filter in an oven at 100° C. Remove the precipitate from the pafwr 
as completely a.s possible. Ignite the paper in a weighed porcelain 
crucible. Cool and add a few drops of nitric acid. Repeat the ig- 
nition, heating very carefully at first until the acid has nearly all 
been driven out. Now place the main tin precipitate in the crucible. 
Cover, heat gently for a few minutes, moisten with fuming nitric 
acid, ignite very carefully for one-half hour and then blast for fif- 
teen minutes. W’eigh as SnOa,* 

^ Much of this chapter was contributed by B. S. Clark, Research Chem- 
ist, Amencan (’an Company. 
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TITANIUM 

Ti, at.wt. 48.1; sp.gr. 4.6; m.p. 1796® C. (16®) ; orides TiO, TijO». TiO,, TiO 

By far the most important application of titanium at the present 
time is the use of ferrotitanium in the iron and steel industry. Th* 
function of the titanium is to deoxidize the steel and consequently 
to yield a product free from blow-holes and segregation of impurities.l 

Next in importance is the application of titanium compounds to\ 
the textile industry. For use as a mordant in dyeing, and for bleach- 
ing or discharging colors. 

Titanium compounds are also used for electric light filaments, 
arc carbons, ceramics, fine brown glazes, paint for iron and steel, etc. 


OCCURRENCE 

The element is widely distributed in minerals, soils, clays and 
titaniferous iron, FeTiOa. It is found in granite, gneiss, mica, slate, 
syenitic rocks, granular limestone, dolomite, quartz, feldspars and a 
large number of other minerals. The principal commercial minerals 
are: 

Rutile, Nigrinej TiO:, is a brownish-red to nearly black, brittle, 
opaque to transparent mineral, with adamantine to nearly metallic 
lustre; streak, white to pale brown; hardness 6-6.5. The crystals 
intrude in other minerals in hair-like filaments. Coarse crystals are 
found imbedded in quartz, feldspar and other minerals. With iron 
it is found in black masses. 

Ilmenite, FeTiOs, containing about 52.7% TiO:. 

TitaniUf CaTiSiOs, containing 34 to 42% TiO:. 

Perovskitef CaTiO:, containing about 60% TiO: and 5 to 6% 
YtjO,. 

Titaniferous ores of variable titanic oxide content. 
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DETECTION 

The powdered ore is fused with potassium bisulphate, KHSOi, 
until effervescence ceases. The cooled mass is dissolved in dilute 
sulphuric acid by boiling. Hydrogen peroxide^ H2O2, added to this 
titanium solution, produces a yellow to orange color, according to 
the amount of titanium present. Hydrofluoric acid, or fluorides, 
destroys the color. Vanadium also produces this color with hydrogen 
peroxide, but the color is not destroyed by HF. The yellow color, 
according to Weller is due to TiOg formed. 

Morphine produces a crimson color with solutions of titanium in 
sulphuric acid. 

Zinc added to hydrochloric acid solutions of titanium produces a 
blue color, tin a fine violet solution. 

If sulphur dioxide, f502, is passed into the solution of titanium to 
reduce the iron, and the slightly acid solution then boiled, yellowish 
white metatitanic acid, TiO(OH)2, is precipitated. 

Bead Tes^ on Charcoal. — A small portion of the powdered 
mineral heated on charcoal with microcosmic salt and tin produces 
a violet-colored bead if titanium is present. 
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METHODS OF ANALYSIS 
Preparation and Solution of the Sample 

A knowledge of the solubility of the element and its oxides is of 
value in the solution of the sample. 

Element. — This is feebly soluble in cold dilute hydrochloric, dr 
sulphuric acids; more readily so when the acids are heated. It is 
soluble in cold, concentrated hydrochloric acid; readily soluble m 
hot, concentrated hydrochloric, or suljihuric acids. It is scarcely 
acted upon Viy nitric acid, but readily dissolves in hydrofluoric acidsA 
It is soluble by fusion with the alkalies. \ 

Oxides. — Ti20a is soluble in concentrated hydrochloric or sul- \ 
phuric acids; forming, in the latter case, a violet-colored solution. 
The oxide is insoluble in water and in ammonium hydroxide. 

TiO* is difficultly soluble in concentrated sulphuric acid, less 
soluble if strongly ignited. The metatitaiiic acid, TiO(OH)2, re- 
quires strong hydrochloric v)r sulphuric a(;id to effect solution, the 
orthotitanic acid, Ti(OH)4, however, is readily soluble in hot or 
cold, dilute and concentrated acids. From titanic solutions ortho- 
titanic acid is precijiitated by ammonia, the precipitation being as- 
sisted by warming. Boiling a slightly acid solution precipitates the 
metatitanic acid, TiO(OII)2. TiOa is soluble upon fusing with alkalies. 
TiOa is soluble in hydrofluoric acid, forming TiF4, which is volatile, 
unless an excess of sulphuric acid is present (distinction from silica). 
The ignited oxide is best dissolved by fusion with KHSO4 and heat- 
ing the fused mass with dilute sulphuric acid solution. Titanous 
oxides have a black or blue color. 

Salts. — Many titanic salts are decomposed in the presence of 
water, precipitating titanic acid, the extent of the decomposition de- 
pending on the quantity of water used. Titanic sulphate is readily 
soluble in water, and the solution is remarkably stable unless largely 
diluted with water. Some of the double salts are readily soluble and 
their solutions stable, i.e., potassium titanium oxalate. 

Solution of Steel. — The sample may be dissolved in hydro- 
chloric acid (1:2). If a residue remains it is treated with a mixture 
of equal parts of hyd”ofiuoric and sulphuric acids and a few drops of 
nitric acid, in a platinum dish, and the mixture evaporated to sul- 
phuric anhydride fumes and to complete expulsion of hydrofluoric 
acid. The colorimetric procedure is now used for estimating tita- 
nium. 

No'fis. Titanium in .steel treated with ferro carbon-titanium exists in 
two conditions: (1) Titanium solublo^in hydrocliloric acid. (2) Titanium in- 
soluble in hy<lrorhloric acsid. Of the very small amount of titanium in treated 
steel the greater part will usually be found in the second form. When the 
amount 01 titanium in the steel is exceedingly sinall, the soluble titanium fre- 
quently exceeds the inaolubk!, and it is lihen occasionally desirable to determine 
CU60 that existing in the second form. 
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Alloys. — These are dissolved in concentrated nitric acid, aqua 
regia or a mixture of the dilute acids. Should nitric acid be used, 
the excess is expelled by evaporation to dryness with hydrochloric 
acid. The metals of the hydrogen sulphide group are removed in 
an acid solution by precipitation with HaH, and titanium detcnnined 
color imctrically in the filtrate. 

Ores. — One to 5 grams of the ore are treated with 10 to 50 cc. 
of a mixture of sulphuric and hydrofluoric acids (1 to 5), a few drops 
HNO3 added, and the solution evaporated to fumes to expel HF. 
If a residue remains upon taking up with water containing a little 
sulphuric acid, it is filtered off and fused with KHSO4 as directed 
under the fusion method. 

Fusion Method for Ores. — The finely powdered sample is fused 
with four to five times its weight of potassium bisulphate, KHfc^04 
and the cooled fusion dissolved with dilute sulphuric or hydrochloric 
acid. In the presence of silica potassium fluoride is added to assist 
in tlie decomposition of the material. 

Titaniferous^ Slags. — One-half gram of the finely ground sample 
is decomposed in a platinum dish by a mixture of 5 cc. water, 5 cc. of 
concentrated sulphuric acid, 2 cc. nitric acid, and 10 cc. of hydro- 
fluoric acid, the reagents being added in the order named. The 
solution is evaporated rapidly to fumes to expel fluorides and the 
excess sulphuric acid until the residue is left nearly dry. After cooling 
it is taken up with 40 cc. of dilute hydrochloric acid (1:3), which 
will give a clear solution containing all the constituents of the slag 
except silica, which has been volatilized as SiF4. The solution is 
diluted to 200 cc, with cold water. Iron and titanium are precipi- 
tated by ammonia in slight excess and filtered at once without boil- 
ing. The jirecipitate is dissolved in cold dilute hydrochloric acid and 
reprecipitated with ammonia. Titanium is now separated from iron 
by reducing iron with 8O2 and precipitating titanium from a boil- 
ing acid solution. 


Detennination of Titaxumu when Interfering Elements 
are Present 

If chromium, vanadium or molybdenum is present in the steel, 
fuse the residue insoluble in hydrochloric acid or the calcined phenyl- 
hydrazine precipitate containing the interfering element with a mix- 
ture of sodium carbonate ail'd a little sodium nitrate. 

Dissolve the fusion in water and filter. The residue on the filter 
will contain the titanium, free fron^ interfering element. Bring the 
residue into sulphuric acid solution by methods before described and 
determine the titanium as usual. 

Details of the isolation of titanium are given in the methods 
for its estimation. • 
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Separation of Titanium from the Alkaline Earths, etc. — The 

hydroxide is precipitated when a titanium solution containing 
ammonium chloride is treated with ammonium sulphide, whereas 
barium, strontium, calcium and magnesium remain in solution. 
Titanium hydroxide may be precipitated by making the solution 
containing titanium slightly ammoniacal with HN 4 OH. 

Separation from Copper, Zinc, Aluminum, Iron, etc. ~ Titanium is 
precipitated from a slightly acid solution by boiling, passing sulphur 
dioxide through the solution to keep the iron reduced and prevent 
its precipitation. \ 

Separation from the Bivalent Metals, Manganese, Nickel, Cobali, 
Zinc. — Titanium is precipitated along with aluminum and iron by 
hydrolysis of its acetate in a hot, dilute solution, whereas manganese, \ 
nickel, cobalt and zinc remain in solution. ' 

Separation of Titanium from Aluminum. — Small amounts of ti- 
tanium from large amounts of aluminum. (One part of Ti to 50 parts 
of Al.) Cupferron, C6H6(NO)N-ONH4 added to a decidedly acid solu- 
tion containing titanium and aluminum precipitates, titanium, but 
not aluminum. The precipitate is washed by decantation and then 
on the filter with very dilute hydrochloric acid to remove traces of 
aluminum. The procedure affords a separation of titanium from 
chromium, nickel, cobalt, manganese, etc. Copper and iron, how- 
ever, precipitate with the titanium, if present in the solution. The 
yellow titanium salt has the composition [C6H6(N())NO]4Ti, 

Separation of Titanium from Iron. — See (Jravimetric Method for 
Determination of Titanium, Modified Gooch Method. 
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GRAVIMETRIC METHODS 

DETERMINATION OF TITANIUM BY MODIFIED GOOCH METHOD 

This method is applicable to minerals and metallurgical products 
that are comparatively high in titanium. The method provides for 
the separation of titanium from iron and from aluminum and phos- 
phoric acid with which it commmonly occurs. The procedure as pro- 
posed by F. A. Gooch and modified for non-aluminous rocks by Wm, 
M. Thornton has been found by the author to give reliable results. 
The details of the method with a few slight changes found to be ad- 
vantageous are given below. Iron is separated from titanium by pre- 
cipitation as a sulphide in presence of tartaric acid, the organic acid 
is destroyed by oxidation and titanium precipitated from a boiling 
acetic acid solution. In the presence of alumina and phosphoric 
acid the impure precipitate is fused with NasCOa and the impurities 
leached out \wth boiling water. In presence of zirconium, titanic 
acid is incompletely precipitated. 

Procedure. Preparation of the Sample. — Ores High in Silica. 
These may be decomposed by taking to SO3 fumes with a mixture of 
10 to 15 cc. of 50% hydrofluoric acid, HF, and 3 to 4 cc. of concen- 
trated sulphuric acid per gram of sample. 

Oxides. — Decomposed by fusion with sodium or potassium bi- 
sulphatc. The fusion is dissolved in 10%, sulphuric acid, keeping 
the volume as small as possible. The sample should contain not over 
0.2 gram of titanium. 

Precipitation of Iron. — To the solution containing titanium, tar- 
taric acid, equal to three times the weight of the oxides of titanium 
to be held in solution, is added. This should not exceed 1 gram of 
the organic acid, as the subsequent removal of larger amounts would 
be troublesome. HaS is passed into the solution to reduce the iron 
and NH4OH added to slight alkalinity followed by a further treat- 
ment with US to completely precipitate FeS. The solution should 
be faintly alkaline (litmus) otherwise more ammonia should be added. 
After filtration and washing of the ferrous sulphide with very dilute 
and colorless ammonium sulphide, the titanium is entirely in the 
iron-free filtrate. 

Oxidation of the Tartaric Acid. — Since titanium cannot be pre- 
dpitated by any reagent in, the presence of tartaric acid, the organic 
acid is oxidized by addition of 15 to 20 cc. of concentrated sulphuric 
acid to the sample placed in a 500 cc. Kjeldahl flask. The solution 
is evaporated to incipient charring ^f the tartaric acid. After cool- 
ing slightly, about 10 cc. of fuming nitric acid are added cautiously, 
a few drops at a time, and when the violent reaction has subsided 
the flask is heated gradually (hood>, a vigorous reaction taking place 
accompanied by much effervescence irnd foaming with evolution of 
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copious brown fumes. The organic matter gradually disappears, the 
effervescence becomes steady and finally ceases and white fumes of 
SO3 are given off. The solution is cooled and the pale yellow syrup 
poured into 100 cc. of cold water, the flask washed out, adding the 
rinsing to the main solution. If cloudy, the solution is filtered. 

Precipitation. — Ammonia is added until the solution is nearly 
neutral, a point where the solution is slightly turbid, the precipitate 
dissolving upon vigorous stirring. If a trace of iron is suspectep 
about 1 cc. of 10% ammonium bisulphate is added. Five cc. df 
glacial acetic acid followed by 15 grams of ammonium acetate or iti 
equivalent in solution is added and the volume of the solution mad^ 
up to about 350 cc. The solution is brought rapidly to boiling and\ 
maintained in ebullition for about three minutes. The titanium will \ 
precipitate in white flocculent and readily filterable condition. The 
precipitate is washed first with water containing acetic acid and 
finally with pure water. The filter and the precipitate are ignited 
cautiously over a low flame and finally blasted over a Meker blast 
for twenty minutes. The residue is weighed as Ti02. « 

In the presence of large amounts of alumina and phosphoric 
acid, the residue above obtained is fused with sodium carbonate in 
a platinum dish and the fusion leached by boiling with pure water. 
Alumina and phosphoric acid go into solution as soluble sodium salts 
and titanium oxide remains insoluble in the residue. 

Ignited insoluble residue = Ti02. 

Note. Titanium may be separated from aluminum by fusini^ the resi- 
due with potassium acid sulphate, KHSO4, and precipitation of titanium in 
an acid solution by cupferron. AhOj is in solution. 



METALLURGICAL ANALYSIS 


593 


DETERMINATION OP TITANIUM IN FERRO-CARBON TITANIUM, 
GRAVIMETRIC METHOD 

Into a 6 in. porcelain evaporating dish weigh 0.6 gram (factor 
weight) of alloy. 

Dissolve in a mixture of 15 cc. of* dilute sulphuric acid (one acid 
to one water), 5 cc. of nitric acid, and 10 cc. of hydrochloric acid. 
Evaporate to fumes of sulphuric anhydride. 

Cool and take up by boiling with 50 to 60 cc. of water and 5 to 
10 cc. of hydrochloric acid. Filter into a 500 cc. beaker and wash the 
residue with hot water and dilute hydrochloric acid. 

In the filtrate precipitate iron and titanium by ammonia in slight 
exces.s. Filter without boiling and w^ash precipitate twice on filter 
with hot water. 

Reject filtrate. Dissolve the precipitate in a very little dilute 
hydrochloric acid, washing the filter with hot water and collecting the 
solution and washings in the original beaker. 

Nearly neutralize the solution with ammonia or ammonium car- 
bonate; dilute to 800 cc.; saturate with sulphur dioxide gas, and 
boil until titanic acid is precipitated and the solution smells faintly 
of sulphur dioxide. 

Filter and wash with hot water and dilute sul})hurous acid. 

Dry, ignite, and weigh as titanic oxide. 

Since the factor weight of sample has been used, one milligram of 
titanic oxide is equal to 0.1% of metallic titanium. 
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VOLUMETRIC METHODS 
THE DETERMINATION OF TITANIUM BY REDUCTION 

Addition of Ferric Salt and Titration of Reduced Iron with 

Potassium Permanganate i 

Principle. — Titanic acid is reduced by means of zinc, an excelBS 
of ferric sulphate is added and the ferrous salt, formed by reduA- 
tion by titanous salt, is titrated with standard permanganate. The 
method is more accurate than direct titration of the titanous salt 
with permanganate. \ 

Reaction. TiaCSO^).-, + Fe2(^0,)z = 2 Ti(S 04)2 + 2 FeS 04 , 
or TiCL + FeOL = TiCh + FeCl,. 


Preparation of the Sample * 

Procedure. — One to 2 grams of the ore is decomposed by hydro- 
fluoric and sulphuric acids or by fusion with potassium bisulphate or 
a combination of the two according to the methods already de- 
scribed. Members of the H 2 S group, if present, may be removed by 
H 2 S. If iron is present it may be determined by boiling off the HaS 
in the filtrate containing Fe, Ti, etc., and allowance made in the ti- 
tration for titanium. If other interfering elements are present in 
this filtrate, titanic acid may be precipitated by boiling the slightly 
acid solution (sulphurous acid) according to directions given in the 
gravimetric method. The washed oxide is dissolved in strong H2SO4 
and diluted as directed below. 

Reduction. — The solution is washed into a 100 cc. flask and 
diluted with water so that it will contain 10% of sulphuric acid. 
This acid holds titanic acid in solution and at the same time is in- 
sufficient to oxidize the reduced titanium oxide. Sufficient zinc to 
cause complete reduction is added and a rubber stopper carrying a 
Bunsen valve tube and a thistle tube with glass stop-cock is in- 
serted in the neck of the flask. The evolved hydrogen expels the 
air and reduces the titanic oxide to the titanous form. Iron if present 
is also reduced. Gentle heat is applied until the excess of zinc dis- 
solves. The solution is cooled and an excess of ferric sulphate added 
f;]^ough the thistle tube, followed immediately by cold distilled water 
until the flask is filled to the neck. The contents of the flask is 
poured into a No. 6 beaker containing 150 to 200 cc. of cold dis- 
tilled water and the ferrous iron, formed by the reducing action of 
titanous salt, is titrated with N/10 KMn 04 solution. 

One cc. of N/10 KMnO^** 0.00481* gram of fi, or 0.00801 gram of TiOa. 
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VOLUMETRIC METHOD BY REDUCTION OP TITANIUM 
AND TITRATION WITH A FERRIC SALT 

The following volumetric method recommended by the Titamum 
Alloy Mfg. Co., in essentially that described by P. W. &. E. B; 
Shimer, Proceedings of Eighth International Congress of Applied 
Chemistry, the method hereafter described differing principally in 
the form of reductor and also in a few details of operation. 

Reagents. — Standard ferric ammonium sulphate solution. 

Dissolve 30 grams of ferric ammonium sulphate ill 300 cc. of water 
acidified with 10 cc. of sulphuric acid; add potassium permanganate 
by drops as long as the pink color disappears, to oxidize any ferrous to 
ferric iron; finally dilute the solution to 1 liter. 

Standardize this solution in terms of iron. The iron value multi- 
plied by 1.4329 gives the value in titanic oxide (Ti02) ; and the iron 
value multiplied by 0.86046 gives tlie value of the solution in terms of 
metallic titanium. 

Indicator. — Saturated solution of potassium thiocyanate. 

Reductor. — As a reductor a 500 cc. dispensing burette is used. 
The internal dimensions of the burette are li by 22 ins. 

The reductor is charged with 1200 grams of 20 mesh amal- 
gamated zinc, making a column about 12 ins. high and having an 
interstice volume of about 135 cc. This form of reductor is con- 
venient, and when used as hereafter described is adapted to main- 
taining hot solutions, which is essential for complete reduction of 
the titanium. 

The reductor is connected to a liter flask for receiving the reduced 
titanium solution, through a three-hole rubber stopper which carries 
also an inlet tube for carbon dioxide supply, and outlet tube for con- 
necting with the suction pump. 

Procedure. Determination of Titanium in Ferro Carbon Tita- 
nium. — One-half gram of sample is dissolved in a 6 in. porcelain 
evaporating dish in a mixture of 10 cc. of water, 10 cc. of sulphuric acid, 
5 cc. of hydrochloric acid, 5 cc. of nitric acid. 

The solution is evaporated to fumes of sulphuric anhydride; 
taken up by boiling with 50 cc. of water and 10 cc. of hydrochloric 
acid; filtered and washed \\ath hot water and hydrochloric acid. 

The filtrate and washings should be about 100 cc. in volume. 

The reductor is prepared for use by first passing through it a 
little hot dilute sulphuric acid followed by hot water, finally leav- 
ing sufficient hot water in the reductor to fill to the upi>er level of 
the zinc. • 

The hot titanic solution prepared as described above is , now 
introduced, about 100 cc. of water being drawn from tl^e reductor 
into the original beaker to bring ^he solution to about the upper 
level of the zinc. The water thus removed will not contain any tita- 
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niuin if the operation has been conducted as described; but it serves 
as a safeguard and is also convenient to acidify this water with 10 cc. 
of sulphuric acid and reserve it on the hot plate to be used as an acid 
wash after the reduction of the sample solution. 

The titanium solution is allowed to remain in the reductor for 
ten minutes. 

While the solution is being reduced the receiving flask is conf- 
nected to the reductor and the air completely displaced by carboi 
dioxide, conveniently drawn from a cylinder of the liquefied gas. \ 

When the reduction is complete the receiving flask is connecter 
with the suction pump, and while still continuing the flow of carbon\ 
dioxide the reduced solution is drawn out, followed by the reserved \ 
acid wash and then three or four 100 cc. washes with hot water. 
The displacement of the sample solution and washing of the zinc is 
80 regulated by means of the stop-cock that the reductor is always 
filled with solution or water to the upper level of the zinc. 

When the washing is complete, gradually release the suction to 
prevent air being drawn back into the receiving flask. » 

Disconnect the flask, add 5 cc. of potassium thiocyanate 
solution as indicator and titrate immediately with standard ferric 
ammonium sulphate solution, adding the solution rapidly until a 
brownish color is produced which will remain for at least one minute. 

The method is also well adapted for determining titanium in 
other titanium products, suitable means being employed for bring- 
ing the titanium into sulphuric acid solution. 
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COLORIMETRIC DETERMINATION OF TITANIUM WITH HYDROGEN 

PEROXIDE 

Preliminary Considerations. — Hydrogen peroxide added to acid 
solutions of titanium produces a yellow to orange color, the depth 
of the color depending upon the amount of titanium present. Upon 
this fact the inetliod is based. It is of especial value in determining 
small amounts of titanium, as it is possible to detect less than one 
part of the metal per hundred thoinsand parts of solution. Color 
comparisons can best be made on samples (*ontaining 0.05 to 5 milli- 
grams of the element; larger amounts produce too deep a color for 
accurate comparison. 

The following interferences should be made note of, e.g., molyb- 
denum, vanadium and chromium also produce a color that would 
lead to error. Iron present to the extent of er over produces 
a color that must be allowed for; e.g., 0.1 gram of Fe203 in 100 cc. of 
solution is equiA^alent to about 0.2 gni. of Ti(>2 oxidized by H2O2 in 
100 cc. of solution. Fluorides destroy the color, hence must be ab- 
sent. Phosphoric acid and alkali sulphates have a slight fading ac- 
tion, hence must be allowed for by adding equivalent amounts to 
the standard if they are present in the sample. The addition of an 
excess of sulphuric acid partly counteracts the action of phosphates 
or alkali sulphates. The color intensity is increased by increase of 
temperature, hence the standard and the sample examined should 
have the same tern jierat lire. Since nietatitanic acid produces no color 
with hydrogen peroxide, its formation must be prevented; the pres- 
ence of 5% of free H2SO4 accomplishes this. 

The procedure is very satisfactory for magnetic or other iron ores. 
It is full}’^ as accurate as the best gravimetric method and very 
much more rapid. 

Solutions Required. Standard Tiiamiim Sohdion. — This may be 
prepared by precipitations of Ti02 from KsTiFe according to the 
gravimetric procedure and purification by solution and reprecipi- 
tatioii, the fluorine being first removed by taking the compound to 
fumes with H2HO4 and then hydrolyzing titanium with NH4OH. 
The washed precipitate is ignited over a Meker flame for fifteen min- 
utes, cooled in a desiccator and placed in tightly stoppered bottle, 
since Ti02 is slightly hydroscopic. 

0.5 gram of TiOa is fused witli about twenty times its weight of 
KHSO4 in a platinum disjh, keeping at fusion heat until the oxide 
has dissolved. A high temperature is not advisable. The fusion is 
dissolved in sulphuric acid by gently heating. The solution 

washed into a 500 cc. graduated •flask is made up to volume with 
5% H2SO4. One cc. contains 0.001 gram Ti02, or 0.0006 grqm Ti, 

Hydrogen Peroxide. — Thirty per cent solution. If this is not 
available sodium peroxide dissolved in dilute sulphuric acid will do. 

Apj>aratus. — Colorimeter — See Fig. 85 in the chapter on Lead, 
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Preparation of the Sample. — The solution of the sample having 
been obtained by one of the procedures given under Preparation and 
Solution of the Sample, the element may be determined according 
to the procedure given below. If interfering substances are present, 
e.g., comparatively large amounts of iron, or if tungsten, vanadium 
or chromium are present it will be necessary to precipitate titanic 
acid by adding ammonium hydroxide to the boiling solution as dif- 
rected under the gravimetric determination of the element. Thte 
washed precipitate is dissolved in sulphuric acid. \ 

Procedure. — The sulphuric acid solution of titanium should conA 
tain 5% of free sulphuric acid. It is poured from the beaker in which\ 
solution was effected into a 100 cc. Nessler tube, 2 cc. of hydrogen \ 
peroxide, 30% solution, are added and the volume made up to 100 cc. 
with 5% sulphuric acid. The atandard is prepared by pouring 40 or 
60 cc. of 5% sulphuric acid into a second 100 cc. Nessler tube, add- 
ing 2 cc. of 30% hydrogen peroxide, H 2 O 2 , followed by sufficient 
standard titanium solution to exactly match the sample and the solu- 
tion made up to 100 cc. with 5% sulphuric acid. The •titanium solu- 
tion is added from a burette, noting the exact volume required. 
From tills the percentage of titanium in the sample can readily be 
calculated. If iron is present in the sample, an equivalent amount 
should be added to the standard. If a colorimeter is used, a standard 
should be prepared which is deeper in color than the sample examined. 
The standard is poured into the comparison cylinder and the two 
tubes compared. By raising or lowering the plunger (see illustration) 
the standard solution is forced in or drawn out of the comparison 
tube. When the colors match, the cc. in the comparison tube will 
indicate the amount of Ti02 present in the sample. The solution may 
be mixed by stirring with a platinum spiral. 

Example. — One-gram sample required 20 cc. of titanium standard 
solution, 1 cc. of which contained 0.001 gram of Ti02. Then the 
sample contains 0.001 x 20 X 100 - 2% Ti02. 

If the colorimeter has been used and 150 cc. of standard made by 
adding 30 cc. of standard titanium solution and it is found that the 
column of liquor in the standard comparison tube stands at 85 cc., 
the calculation would be as follows : 150 cc. contains 30 X 0.001 

gram Ti02, therefore 85 cc. are equivalent to 
86 X 0.003 

— = 0.017 gram of T 1 O 2 per gram or 1.7%. 

For the practical application of the colorimetric method in deter- 
mining titanium in steel the following procedure is given. 

Note. Separation of Titanium from Iron . — J. H. Walton, Jr., sepa- 
rates titanium from iron by fusing the finely powdered substance with three 
^ four times as much sodium peroxide, and extracts the fusion with water. 
The filtrate contains the sodium pertitanate whereas the iron oxide remains 
the filter paper. The filtrate is acidified with H 2 S 04 until 6 % of free acid 
is obtained and the color of^this solution compared with a standard obtain^ 
fusing a known weight of TtOz with Na 202 and extracting and testing 
wijl^ 111^4 as in case of the sample. 
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INDUSTRIAL PRODUCTS AND RAW MATERIALS 
THE ANALYSIS OP TITANIFEROUS ORES 

Determination of Titanium 

Decompose the ore by fusion witli potassium bisulphate, dissolv- 
ing the fusion in water, hydrochloric and sulphuric acids. If an in- 
soluble residue remains, filter it out. Calcine the residue, add a few 
drops of sulphuric acid and sufficient hydrofluoric acid to dissolve 
silica, evaporate to fumes of sulphuric anhydride and then heat to 
redness. 

If a residue now remains, bring it into solution directly in acids 
or fuse with a little potassium bisulphatc, etc., finally adding the 
solution to the main solution obtained as before described. 

If desired, the sample of ore can first be partially dissolved in 
hydrochloric and sulphuric acids, and the insoluble residue then fused 
with potassium bisulphate or treated with sulphuric and hydro- 
fluoric acids. * 

Some ores may be completely decomposed by a mixture of nitric, 
hydrofluoric and sulphuric acids, evaporating to fumes of sulphuric 
anhydride in a platinum dish to free the solution from nitric and 
hydrofluoric acids. 

The complete decomposition of the sample having been accom- 
plished, the titanium in the solution is determined by either the 
gravimetric or volumetric methods. 

Determination of Iron in Presence of Titanium 

The sample is decomposed as directed under the Determination 
of Titanium. 

The sulphuric acid solution, which should have a volume of 150 
to 200 cc., is saturated with hydrogen sulphide gas to reduce the 
iron, and filtered to separate any precipitated sulphides and free 
sulphur. The filtrate is collected in a flask fitted with a rubber 
stopper through which pass two glass tubes, one reaching nearly to 
the bottom for conducting gas into the solution, the other a short 
exit tube. Unless the solution after filtration is still highly charged 
with hydrogen sulphide, more gas should be passed into the solution 
to reduce any iron that may have been oxidized by the atmosphere 
during filtration. The excess hydrogen sulphide is now expelled by 
boiling the solution while passing a current of carbon dioxide. 

When the exit gases cease to d|irken a piece of filter paper mois- 
tened with lead acetate solution, the flask is cooled, while still passing 
the carbon dioxide. When the flask has partially cooled the Carbon 
dioxide is shut off and the flask quickly cooled in running water 
immediately titrated with standard permanganate solution. 
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Determination of Silicon 

This determination is conveniently combined with the determina- 
tion of iron, the ore being preferably decomposed by fusion with 
potassium bisulphate. The fusion is dissolved and evaporated with 
excess sulphuric acid to fumes. of sulphuric anhydride and the silica 
determination finished as usual — weighing, volatilizing with 
hydrofluoric acid, etc. If the ore contains quartz or a silicate up- 
decomposable by treatment with potassium bisulpliate and hydA)- 
fluoric acid, the residue filtered from the sulphuric acid solutiim 
should be fused with sodium carbonate and the silica then determineU 
as usual. \ 

\ 

Determination of Aluminum 

After making determination or separation of titanium by gravi- 
metric method, use the filtrate for detennination of aluminum. 

Phenylhydrazine Method for Determination of Aluminum 
in Presence of Iron 

The iron and aluminum should bo in hydrochloric or sulphuric acid 
solution. Nearly neutralize the solution with ammonium carbonate. 
Pass sulphurous acid gas to complete reduction of the iron. Boil 
until the excess sulphurous acid is driven off and if titanic acid sepa- 
rates filter it out. 

After filtering out titanic acid again nearly neutralize with ammo- 
nium carbonate, pass a little sulphurous acid gas and heat for a few 
minutes to reduce any iron that might have been oxidized during filtra- 
tion. If titanium has not been detected the second treatment with 
sulphurous acid may be omitted. In either case the solution still 
containing a little free sulphurous acid is nearly neutralized with am- 
monium carbonate, diluted to 300 cc. and 3 cc. of phenylhydrazine 
added. Stir thoroughly, let settle and filter out the alumina. If 
the precipitate is discolored by iron, dissolve in hydrochloric acid, 
and repeat the reduction, neutralization and precipitation by phenyl- 
hydrazine. Ignite and weigh ALOs + PzOb- Since the alumina 
precipitate may be contaminated by phosphoric anhydride (P 2 O 6 ), 
determine it by analysis and correct the alumina determination 
accordingly. 


Determination of Phosphorous 

Phosphorii! acid may be sejiarated from titanic acid by repeatedly 
fusing the ore with alkali carbonate and extraction of alkali phos- 
phate with water. 

The determinations of other co|istituents of the ore are conducted 
by the usual methods of^ore analysis. 
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ANALYSIS OF TITANIUM PIGMENTS^ 

Titanium pigment products consisting of titanic oxide and barium 
sulphate can be analyzed by the following method. 

Weigh a ^ gram sample into a ‘ioO cc. Pyrex glass beaker; add 25 cc. 
of concentrated sulphuric acid and 4* grams of sodium sulphate. Mix 
well and heat on a hot-plate until fumes of sulphuric anhydride are 
evolved and then heat directly over a fiame to boiling for five minutes 
or until solution is complete. Traces of silica, if any, remain as an 
insoluble residue. 

("ool, take up in 150 cc. of water, boil and filter off barium sul- 
j^hate and silica, washing w'ith 5^^ sulphuric acid to free residue 
from titanium, calcine ami weigh barium sulphate. 

Evaporate the filtrate to 100 cc. and drle»-minc the titanium as di- 
rected under volumetric method for the determination of titanium.''* 

1 Method of analysis used in the laboratories of The Titanium Alloy 
Manufacturing jOompany. 

2 The Editor dc'sires to acknowledge the assistance received in the prepa- 
ration of this ohapti'r from 1. E. Barton, Chief Chemist of the Titanium Pig- 
ment Company, Niagara Falls, N. Y. 
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TUNGSTEN 


W.» at.wt. 184.0; sp.gr. 18.77; m.p. 3000° C.; oxides, WO 2 (brown) Wds 
(yeUow )4 acids, H 2 W 04 ; ortho tungstic; HaW 40 i 3 i meta tungstic 

OCCURRENCE 

The element is met with in alloys — ferro-tuiigstcn, silico-tung-^ 
sten, tungsten steels containing as much as 10 to 20% of the metal, \ 
used for making high-speed, self-hardening cutting tools; tungsten ^ 
powder; alkali tungstates for mordanting purposes; tungstic oxide, 
WO3; tungsten electric light filaments, etc. 

Commercial tungsten minerals are marketed usually in the form 
of concentrates derived from treatment of lean ores J)y water con- 
centration, or, sometimes, as specially selected high-grade ore which 
has not been subjected to dressing operations other than hand sort- 
ing. 

The important commercial minerals are WolframiU — iron-man- 
ganese tungstate ; Hiiebnerite — manganese tungstate ; Ferherite — 
iron tungstate; Sckeelite — calcium tungstate. The first three 
grade into each other imperceptibly; commercially, they are all 
classed as Wolframite although the predominant mineral may, in 
some cases, be either manganese tungstate or iron tungstate. The 
determinations usually required are tungstic oxide, manganese, tin, 
phosphorus, sulphur, copper and arsenic, sometimes molybdenum, 
which occurs more or less frequently in Scheelite, and occasionally 
bismuth and lead. 

The principal minerals associated with tungsten concentrates are 
pyrite, arseno-pyrites, cassiterite, magnetite, columbite, and always 
more or less quartz and silicates. Scheelite sometimes is associated 
with barite. 

The following analytical methods have been in practical use for 
a long time; they have been modified from time to time as experi- 
ence showed necessary. Many suggestions from Works’ chemists 
and others have been adopted. The descriptions are given in detail 
where this has been thought to be necessary because much depends 
upon minor points and upon the experience gained in making many 
hundreds of determinations. 

Minerals. Wolframites^ — (Fe^n)W 04 , (76% WOg) is a dark gray 
to black, opaque to translucent, heavy mineral with submetallic to 
resinous lustre. The crystals are often reddish-brown in color, cleav- 

* Wolframite is a tungsten mineml, Wulfenite a molybdenum mineral 
fPbMo04. 
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able and in granular inasvsos, orthorhombic in appearance, monoclituo* 
The streak varies from gray, yellowish brown to dark brown: hardness 
5-5.5. 

Scheelite, CaWCL (80.0% WOj) is white, gray, pale yellow, brown 
or green in color; it is tniiisparent to opaque; brittle; with a white 
streak; hardness 4,5-5. The lustre is adamantine. The heavy 
mineral occurs in masses and square pyramids. Crystallization — 
tetragonal. 

Suggestion to Students. — Determine tungsten in steel by the 
gravimetric method on page 600. Determine tungsten in an ore by 
the method given on page 610. 


DETECTION 

Minerals. — The finely powdered material is decomposed by treat- 
ing with strong acid according to the procedure given on page 610. 
Tungsten is precipitated with cinchonine, the precipitate filtered off 
and dissolved* in ammonium hydroxide, then acidified with hydro- 
chloric acid and reprecipitated with cinchonine as described. 

Tungsten oxide may be confirmed as follows: 

1. Then the residue is suspended in dilute hydrochloric acid and 
a piece of zinc, aluminum, or tin placed in the solution. In the 
presence of tungsten a blue-colored solution or precipitate is seen, 
the color disappearing upon dilution with water. 

2, A portion of the preci})itate is warmed with ammonium hy- 
droxide and the extracts absorbed with strips of filter paper. 

(a) A strip of this treated paper is moistened with dilute hydro- 
chloric acid and warmed. In the presence of tungstic acid a yellow 
coloration is produced. 

(h) A second strip of paper is moistened with a solution of stan- 
nous chloride. A blue color is produced in the presence of tungsten. 

(c) A third strip dipped into cold ammonium sulphide remains 
unchanged until warmed, when the paper turns green or blue if 
tungsten is present. 

Iron, Steel and Alloys. — The.se decompf>sed with strong hydro- 
chloric acid followed by nitric acid as directed under Solution of the 
Sample leave a yellow residue in the presence of tungsten. If this 
residue is digested with warm ammonium hydroxide and the extract 
evaporated to dryness a yellow compound, WOa, will remain if tung- 
sten is present. This oxide may be reduced in the reducing flame 
to the blue-colored oxide. 
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METHODS OF ANALYSIS OF TUNGSTEN 
Solution of the Sample 

For solution of the sample the following facts should be kept in 
mind regarding solubilities. 

The metal is practically insoluble in HCl and in H2SO4. It Is 
slowly attacked by HNO3, aqua regia and by alkalies. It is readilW 
soluble in a mixture of HNO3 and HF (= or WOF4). \ 

Oxides. — WO2 is soluble in hot HCl and in hot H2SO4 (= red 
sol.), also in KOH (red sol.). The oxide WO3 is scarcely soluble in\ 
acids, but is readily soluble in KOH, K2CO3, NH4OH, (NH4)2C03,\ 
(NH 4 ) 2 Sx. Both the acid and the alkali solutions deposit the blue ' 
oxide on standing. 

Acids. — Ortho tungstates. A few are soluble in water and in 
acids. The alkali salts are only slightly soluble. The meta tungstates 
are easily soluble in water. Tungstates are precipitated from alkali 
salts by dilute H2SO4, HCl, HNO3, H3PO4 (aqua) as yellow WO3.H2O 
or white W03-2H20. Meta tungstates arc not precipitated by cold 
acids, but are precipitated by boiling and by long standing. 

Solution of Minerals. — The material is best decomposed by acid 
treatment as described on page 010. I'se of a fusion as a means of 
decomposition of tungsten ores preliminary to either the qualitative 
detection or the quantitative determination of tungsten cannot be 
recommended. The precipitation of tungsten by boiling with acids 
in presence of considerable amounts of alkali salts (such as result 
from acidification of a fusion) is absolutely worthless inasmuch as 
large amounts of tungsten always remain in solution. Repeated 
evaporations do not improve matters. In fact, when the amount of 
tungsten present is small, and especially if the ore contains much 
phosphorus, there is small likelihood that any of the tungsten will 
be precipitated. The use of cinchonine is necessary in order to com- 
pletely precipitate tungsten under these conditions. 

The methods of analysis make provision for the separation of 
interfering substances. The following methods of separation of 
elements that interfere in the analysis are given for reference. 

Separation of Tungsten from Silica. — The oxide of tungsten, as 
ordinarily obtained, is frequently contaminated with silica. The re- 
moval of silica is accomplished by heating the mixture in a platinum 
dish with sulphuric and hydrofluoric acids *and volatilizing the silica. 
After taking to dryness and igniting gently, the last traces of sul- 
phuric acid are expelled by adding ammonium carbonate and again 
igniting. 

In' presence of small amounts of silica (0.1 to 0.2%) and large 
amounts of tungsten (75 to 85%) J. A. Holladay recommends evapo- 
ration with sulphuric and phosphoric acids, filtration to remove the 
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bulk of the tungsten, and subsequent ignition and volatilization with 
sulphuric and hydrofluoric acids. 

Separation from Tin. — The weighed residue is mixed with six to 
eight times its weight of ammonium chloride (free from non-volatile 
residue) in a platinum crucible, placed in a larger crucible, both vessels 
being covered. Heat is applied until *110 more vapors of ammonium 
chloride are evolved. Additional ammonium chloride is added and 
the treatment is repeated tliree times. The fourth treatment is 
followed by weighing of the residue and the treatment repeated once 
more. If no further loss of weiglit takes place it is assumed that all 
of the stannic oxide has been driven off. The inner crucible is now 
placed directly over the flame and heated to dull redness for a few 
minutes and the oxide, WOs, weighed. 

Separation from Titanium. — The material is heated with K2(X)3 
and KNO3, tungsten is dissolved out with water and precipitated as 
mercurous tungstate. 
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GRAVIMETRIC PROCEDURES FOR DETERMINING 
TUNGSTEN 

Since there is no highly commendable volumetric procedure for 
determining tungsten, the gravimetric methods are preferred. 

The element is determined as tungstic oxide, WOg. It may Jbe 
isolated preferably by precipitation with cinchonine, or in the foim 
of tungstic acid, ammonium tXingstate, or as mercurous tungstate, 
the usual course of analysis, all of wliich forms may be readiW 
changed by ignition to the relatively non-volatile oxide, WOs. 

Gravimetric Determination of Tungsten in Steel and Alloys 

Tungsten alloys may be decomposed by hydrochloric (or 
phuric) and nitric acids. Tungsten precipitates, carrying down chro- 
mium and a little iron. The bulk of the iron is filtered off and tungsten 
determined in the residue, by dinect or difference methods. 

Special Reagent. Cinchonine Solution. — 100 grams of the alka- 
loid dissolved in dilute (1:3) HCl and made to 1000 cc. with the 
dilute acid. Wash Solution. 30 cc. of the above solution, with 30* 
cc. of strong HCl diluted to 100 cc. 

Procedure. 1. Decomposition of the Sample. — Two grams of 
high tungsten alloys or 5 grams of alloys low in tungsten are dis- 
solved in a 350 cc. beaker by addition of 20 cc. of strong HCl, the beaker 
being placed over an asbestos mat on a hot-plate or steam-bath. 
(The temperature should be below the boiling point of HCl, since 
the acid should remain strong to effect decomposition.) Since the 
reaction is energetic the beaker is covered by a watch glass. Ten cc. 
of strong nitric acid are added, pouring small portions at a time 
through the lip of the beaker. The sample is digested until all the 
black particles have dissolved and only the fine greenish yellow 
tungstic oxide is evident. Agitation of the liquor to prevent caking 
assists the reaction. 

2. When the sample is decomposed, the beaker is uncovered and 

the solution evaporated rapidly to about 20 cc. and then cautiously 

at low heat to about 5-10 cc.; 5 cc. of HCl are added to the moist 

residue and the solution diluted to about 50 cc. and heated to boil- 
ing; 2-3 cc. of cinchonine reagent are added. Avoid taking to dryness 
and baking as this will make the tungsten difficult to dissolve in 
NH4OH. See step 4. 

3. The mixture is filtered and the ferric chloride washed out 

from the tungstic residue with dilute HCl (1: 10), i.e., until the wash 
solution passes through the filter colorless. The filtrate is tested for 
tungsten by addition of more cinchonine. See step 7. As small 

amounts of tungsten come down, slowly at least an hour should be 

given for the test. 
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4. A clean beaker is placed under tlie filter and tungsten tfis- 
solved out from the impure residue by treating this with warm am-t 
monia water (1:5), the filter being half filled with each washing and 
thoroughly drained. It is ad^'isable to rinse out the beaker in which 
the decomposition is made, with warm ammonia solution and pour 
this on the filter. After five washings, the filter is cautiously removed 
and spread out on a watch glass. The residue is washed into a beaker 
with a stream of ammonia water and digested with about 20-30 cc. of 
ammonia for about 5 minutes, warming to near boiling. The solution 
is poured through a fresh filter into the main extract, the filter is 
drained and then washed twice more with warm ammonia solution 
(1:5). All the tungsten should now be in the filtrate. If much 
residue remains as in (‘aso of high silica samples, tungsten is apt to 
be present. This is recovered by acid sulphate fusion. See Notes. 

5. The filtrate is boiled to expel the ammonia. When the odor 
has become faint, HCl is added until the solution is just acid and 
about 3 cc. excess is added. The total volume will be 75-100 cc., 
after boiling. .Acidification may cause some tungsten to precipitate 
but this does no harm. The ammonia is generally expelled by boil- 
ing the filtrate down to half its original volume. 

6. 10 cc. of cinchonine reagent are added to the hot solution and 
the mixture stirred and allowed to settle until cold. If the supernatant 
solution is cloudy, stirring up the precipitate and allowing it to settle 
will clear the solution. It is well to test the clear liquor with a few 
drops more of the reagent to ascertain whether all of the tungsten 
has precipitated. 

7. The solution is filtered and the tungsten residue washed three 
or four times with dilute cinchonine reagent (washing down from the 
rim of the filter), and once with 5-10 cc. of water. 

Note. The filtrate from step 3 may contain some tungsten. If the 
filtrate treated with cinchonine has become cloudy on standing it must be fil- 
tered, the residue washed with cinchonine reagent as in the procedure above 
and the filter and residue added to that containing the bulk of the tungsten. 

8. The filter (or filters) is ignited in a weighed crucible to destroy 
the carbon, then cooled and weighed as WO3. 

WO3 X 0.7931 = W 

Note. The oxide WOs fused with KHSO4 and the cooled melt extracted 
with ammonium carbonate reagent should give a clear solution. If the solution 
is cloudy SiOj is indicated. This should be filtered off, igmted and its weight 
subtracted from the WOa obtained above. See optional below. 

The KHSO 4 fusion may be iffade in a porcelain or platinum 
crucible. 
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Optional Method 

The impure residue obtained in step 3 of the first procedure is 
ignited and weighed. The residue is now fused with acid potassium 
sulphate, KHSO4, (5-6 grams of salt). The heating is continued until 
effervescence ceases and the mass changes to a clear solution. The 
fusion is coaled by rotating the crucible so that the mass is spread 
in a layer over the sides. It is now dissolved by placing in about 100 
cc. of ammonium carbonate solution (10% sol.) and heating to bml- 
ing. Iron, chromium and .silica will remain insoluble, tungsten will 
be in solution. The licpior is filtered and washed 4 or 5 times with 
water containing a little (NH4)2C03. The residue is ignited, cooled 
and weighed. The difference of this weight and that of the impure 
residue is due to the WO3. 

Note. If the carbonate extract is boiled, acidified and cinchonine re- 
agent added, tungsten will precipitate as the cinchonine compound. See Notes. 


Notes 

The use of sulphuric acid in place of hydrochloric acid in the decompo-f 
sition of the .sample offer.s no advantages a.s to .speed of decomposition. On 
the other hand with .sulphuric acid treatment tungsten is invariably found in 
the filtrate (step 3) while with the HCl method it is seldom found in ap- 
preciable amounts. 

Hydrofluoric acid assists in the decomposition of alloys high in silicon. 
A large excess must be avoided as this would attack th(5 glass of the beaker 
with liberation of silicic acid, and fluosilicic acid. With large amounts of HF 
a platinum dish should be used. 

WOa does not dissolve readily in ammonia after it has been ignited. 
The moist residue of tungsten precipitated by acitls is easily soluble in am- 
monia, If an appreciable amount of residue remains from the ammonia ex- 
traction, it is fused with KHSO4, extracted with a 10 solution of (NH4)2C03, 
the CO2 expelled by boiling and the ammoniacal solution filtered from silica, 
vanadium, iron, etc., and the tungsten precipitated and determined according 
to the procedure outlined in steps 5 to S inclusive. 

SiOa is but slightly soluble in dilute ammonia solution. The silica dis- 
solved by 100 cc. of 1 : 1 NH4OH in a 30 hour treatment on a 47 % Si02 ore 
amounted to less than 0.005 g. on a gram sample. With a 30 minute treat- 
ment the amount was inappreciable. In case of doubt treat the WO3 with 
HF in a platinum crucible and again ignite after expelling the acid by evapo- 
ration. 
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Tungsten in Tungsten Metal and Ferro-Tungsten 

Treat one gram of the finely ground sample in a large (60 cc.) 
platinum crucible fitted with a cover with 5 cc. of HF, add HNO«, 
drop by drop, until the metal dissolves. Add 3-4 cc. of H 2 SO 4 and 
evaporate on a steam bath until HNO 3 + HF are expelled. Shake 
gently over a small Bunsen flame until H 2 SO 4 fumes strongly. Cool, 
transfer to a 250 cc*. beaker with water, finally wiping the crucible 
with a little filter paper. A little WO 3 sticks to the crucible; it can- 
not be removed by wiping. Reserve the crucible. Dilute the con- 
tents of the beaker to about 150 cc. with water, add 3 cc. of HCl and 
boil. Remove from the stove and to the hot solution add 5 cc. of 
cinchonine solution and let stand over night (or at least four or five 
hours). Filter on “ ashless pai)er ” and wash with dilute cinchonine 
solution. Gently ignitci the precipitate in the crucible in which it 
was originally treated. Heat for five minutes with full Bunsen burner 
flame, cool and weigh. Add about 5 grams of Na 2(^03 and fuse, running 
the fusion aroused the side of the cruoihle to remove all of WO 3 . Dis- 
solve the fusion in hot wat('‘r; filter and wash five or six times with 
hot water. Place the filter in the crucible and ignite, add a little 
Na 2 C 03 and fuse again. Di.ssolve the fusion in water, filter and 
wash very thoroughly Avith hot water to remove last traces of Na 2 C 08 , 
ignite in the same dish as at first, cool and weigh. The difference 
between weight of dish plus residue and weight of dish plus tungstic 
oxide is WO 2 . 

Dilute Cinchonine Solution. — 30 cc. strong cinchonine solution 
and 30 cc. of HGl to one liter. 

Strong Cinchonine Solution. — 100 grams of cinchonine dissolved 
in dilute HCl (1 part of acid: 3 parts of water) and diluted to one liter 
with acid of the same strength. 
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GRAVIMETRIC DETERMINATION OF TUNGSTEN 
IN ORES AND CONCENTRATES 

Special Reagents 

Cinchonine Solution. — Cinchonine solution is made by dissolv- 
ing 100 grams of the alkaloid in dilute HCl (1 part of acid to 3 of water) | 
and diluting to 1000 cc. with HCl of the same strength. 

Cinchonine Wash Solution. — 30 cc. cinchonine solution, 30 cc. ^ 
strong HCl to 1000 cc. of water. 

Preparation of the Sample 

The ore should be ground in agate to pass a 200 mesh screen; 
double screening is recommended to insure perfect fineness. 

Weigh one gram into a 350 cc. beaker, add 5 cc. of water and 
shake to spread the ore evenly over the bottom of the beaker. Add 
100 cc. of strong HCl, cover tbc beaker and set it ^o warm gently 
for an hour. The temperature should not exceed 60° C. — higher 
heating expels HCl gas. The ore is slowly decomposed and most of 
the tungsten is held in solution by the excess of HCl, leaving the un- 
decomposed ore exposed to further attack by the HCl. 

Stir the solution with a glass rod once or twice during this di- 
gestion to prevent the formation of crust.s or cakes on the bottom. 
The glass rod may be left in the beaker. 

After an hour increa.se the heat and boil until the solution is evapo- 
rated one-half or thei’eabouts. The cover may be removed after 
boiling begins, or better, it may be supported over the beaker on 
three gla.ss hooks. After the liquid is reduced in volume to 50 or 
55 cc., scrape the bottom of the beaker thoroughly with a glass rod 
to detach all caked ore and residue — this is very important, other- 
wise complete decomposition by the acid treatment is difficult if not 
impossible to accomplish. Add 40 ce. more of strong HCl and 15 cc. of 
HNOs, replace the cover and boil until all danger of .spattering (ow- 
ing to the rapid expulsion of chlorine) is past, remove the cover and 
evaporate to a volume of 50 cc., then add 5 cc. more of HNOa, replace 
cover and continue boiling, finally remove cover and evaporate to 
a volume of 15 cc. or less. All this boiling and evaporation requires 
about an hour. Occasional .stirring to break up crusts, especially 
when fresh additions of acid are made, is recommended. 

Add 200 cc, of hot water to the conventrated solution, stir well 
and simmer gently just at the boiling point for half an hour. Nearly 
all the tungstic acid is separated ^after the addition of nitric acid and 
during the subsequent simmering and boiling after dilution^ but a 
fittl# may remain in solution. Add 6 cc. of cinchonine solution, 
stir well and let stand for half an hour, or longer if convenient, thus 
precipitating all tungsten. ^ 
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This method of attack is preferable to that formerly employed 
wherein less acid was used and HNOa was added earlier in the di- 
gestion. Most ores are completely decomposed, so far as tungsten 
minerals are concerned, but it is unsafe to assume that this is the 
case unless the residue is pure white silica. 

After the tungstic acid residue has, settled well and has stood for 
half an hour, filter the solution through a 9 cm. paper, using a little 
paper pulp in the filter. Wash the residue well, first by decantation 
in the beaker and afterward on the paper with a dilute solution of 
cinchonine and HCl. 

It is unnecessary to detach the tungstic acid which adheres to 
the sides of the beaker, but washing should be thorough to remove 
all iron, manganese, calcium, etc., from the residue and filter paper. 
Finally wash both beaker and filter once with cold water to displace 
most of the dilute cinchonine washing solution. 

Procedure for Isolation of Tungsten 

Wash the Uingstic acid and residue back from the filter into the 
original beaker with a fine jet of water from a wash bottle — the resi- 
due washes out easily because of the paper pulp which prevents ad- 
herence — about 25 cc. of water should be used. Add 6 cc. of strong 
NH4OH, cover the beaker and warm it gently for about ten minutes. 
Tungstic acid dissolves readily. Stir well and wash down the sides of 
the beaker with dilute ammonia, make sure that all the yellow 
tungstic acid has dissolved, then filter the warm solution through 
the same filter paper that was used at first, thus dissolving the small 
amount of tungstic acid that adhered thereto. Collect the filtrate in 
a 400 cc. beaker, wash the original beaker and the filter paper 
thoroughly with dilute ammonia (I part strong of NH4OH: 9 parts 
of H2O). The filtrate should be clear, or at most only slightly cloudy. 
The addition of about one gram of NH4CI to the solution before 
filtering and the use of a little of the same salt in the wash solution 
will imsure a perfectly clear filtrate; but the use of this salt is not 
recommended unless the silicious residue tends to pass the filter in 
large amount. The residue insoluble in ammonia will usually be 
free from tungsten; it may consist of tin oxide (cassiterite) silica 
and undecomposed silicates, titanium minerals or columbite; to make 
sure, it must be fused as described below. 

Cover the 400 cc. beaker and boil it until free ammonia is ex- 
pelled. The object of boiling off the free ammonia is to minimize 
ammonium salts since the cinchonine tungsten compound to be pre- 
cipitated comes down more quickly and completely in 'solutions free 
from ammonium salts. Dilute the solution to 200 cc. with hot dis- 
tilled water, acidulate with 3 cc. of HCl and add 6 to 8 cc. of cincho- 
nine solution. Stir very briskly for half a minute, which will cause 
the flocculent precipitate to agglomerate. It will then settle rapidly, 
leaving a clear supernatant liquid. Let it stftnd until cold, filter on 
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all 11 cm. weightless ash filter (B & A. — A grade) which has been 
treated to a rather copious dose of paper pulp. If ammonium chloride 
is used in the prior operation, the solution should be allowed to stand 
for several hours, best over night, after adding cinchonine. Wash 
well with dilute cimihonino solution (wash solution described above) 
policing the beaker with a rubber tip])cd rod. Follow the cinchonine 
wash by one washing with cold water, transfer the filter to a small 
weighed platinum dish or large crucible, dry by heating on the hot 
plate, then burn the filter slowly over a biinsen burner or in a muffla 
followed by strong ignition until all carbon is consumed. \ 

The use of paper pulp in the filter promotes ignition, leaving the\ 
ignited precipitate as a porous, friable mass, whereas if paper pulp \ 
is not used, the ignited precipitate is dense and it is sometimes diffi- '\ 
cult to burn the carbon completely. 

After the carbon is practically all consumed break down the resi- 
due with a glass rod flattened at one end, wipe off the end of the rod 
with a small piece of moistened filter paper, adding it to the dish. 
Any remaining carbon and the mall piece of filter p^per are quickly 
burned, leaving a pure yellow residue. 

Moisten the residue witli three drops of strong H2SO4, add 5 cc. 
of HF and evaporate slowly on the hot ])late until the HF is ex- 
pelled. It is best to continue heating on the hot plate until the H2SO4 
is expelled also; there is then no danger of spitting. Ignite the dish 
cautiously at first, finally at full red heat for ten minutes, cool in a 
desiccator and weigh as WO3. 

The residue left after the ammonia treatment may in some cases 
contain WO3, although with Scheelite and most pure ores and con- 
centrates it does not. It is best in all cases to examine it. In the 
case of impure ores containing much insoluble residue, the residues 
from duplicate determinations should be examined separately. When 
the residue is small and light-colored, it suffices to unite the dupli- 
cates for this determination. 

Ignite the filter containing the residue in a small porcelain crucible. 
This is necessary because tin may be present, which would be reduced 
by the filter paper and ruin platinum. Mix the ignited residue with 
five or six times its weight (in any case at least one gram) of sodium 
carbonate plus a very little KNOa. Transfer the mixture to a plati- 
num crucible and fuse for five or ten minutes. Leach the fusion with 
50 cc. of hot water in a small beaker, filter, acidulate slightly with 
HCl and boil to exj>el CO2. Add 5 cc. of cinchonine solution. Let the 
beaker stand for several hours, best o^er night; long standing is 
essential because small amounts of tungsten are slowly precipitated 
by cinchonine in the presence ofc alkaline chlorides. 

If any tungsten precipitate appears, filter it off on a 7 cm. paper 
and* wash it with dilute cinchonine solution, followed by one wash 
with cold water, dissolve on the .filter in warm dilute ammonia, col- 
lecting the filtrate in a •small beaker, boil out the excess of ammonia, 
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make slightly acid with TK^ and reprecipitato the tungsten with cin- 
chonine. This reprccipitation is done in u very small volume of liquid 
practically free from sails so that the tungsten comes down quickly, 
let it stand for an hour, filter on a small low ash filter containing 
a little pulp, wash with ililute cinchonine solution followed by one 
wash with water, ignite, cool, treat with a drop of H2SO4 and 1 ec. 
of HF, evaporate, ignite and weigh. Add the percentage of WO3 
thus found to the princ;i])al amount. 

Factors: WO3 X 0.7931 = W, 

W X 2.4739 = PbW04. 

Aqua Regia Method of Watts 

One gram of medium grade, or 0.5 gram of high grade, very finely 
pulverized ore, is treated in a 4-oz. flask with 40-50 cc. aqua regia 
and ke])t at moderate heat, below boding, on a hot jdate, until the 
solution has evaporated to about 15 cc. The solution is shaken fre- 
quently to jirevent a solid cake forming at the bottom of the flask, 
which would pfcvent complete action’ of the acid on the ore. 

The solution, removed from tiie hot plate, is diluted to about 
50 cc. with hot distilled water and set aside to settle for half an hour. 
The clear lupior is decanted through a paper filter and the residue 
washed in the flask twice by decantation with 25 cc. portions of water 
slightly acidulated with HUl. 

The WO3 in the flask is dissolved with 20 cc. of 1: 5 NH4OH con- 
taining 2-3 drojis of HUl. The solution is decianted through the 
filter and any remaining residue washed b}'’ dc(;antation twice with 
the ammonia reagent. 

If the residue is white it is transferred to the filter If any black 
partiedes of undecom posed ore are evident, the residue is again digested 
with 10-15 cc. of aqua regia and treated as in the first case, only with 
relatively smaller portions of solutions. The ammonia extract is added 
to the filter. And the filter washed dtiwn in the customary way to 
remove all tungsten solution, allowing it to flow into the main extract. 

The filtrate containing the tungsten is evaporated to dryness in 
a platinum dish over a water bath. The ammonia salts expelled by 
heat. The residue cooled is treated with 1-2 drops of H2SO4 and 
about 2 cc. of HF. The silica is expelled (in hood), together with the 
acids by gently heating. The residue is now heated to dull redness 
for 5-10 minutes, then cooled in a desiccator and weighed as WO3. 

• 

Voliunetiic Method 

Tungsten is isolated as the oxide .WOs, and an excess of N. NaOH 
added. The excess is titrated with N. HCl. ' 

One cc. N. of NaOH = 0.116 gram of WO3, or = 0.092 gram ot W. 

* Messrs. A, M. Smoot and J. A. Holladay have given valuable assist- 
ance in the preparation of this chapter. • * 
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URANIUM 

U, at.wt. 238.6; sp.gr. 18.7; m.p. < 1860° C.; oxides UO 2 , UOs, 

(oxide UaOs, formed by ignition = UO 2 + 2UO3) 

The element is used in the ceramic industry for producing yellow, 
brown, gray, and velvety-black tints. It produces canary-yellow 
glass. It is used as a mordant in dyeing of silk and wool. It also 
finds use in photography. The metal is used in cigarette-lighters 
and self-lighting burners. 


OCCURRENCE 

Nearly all the silicates, phosphates and zirconates of the rare 
earths contain uranium. The element occurs in. the following 
minerals : 

Uraninite, Pitchblende, 40 to 90% UaOg, Ca, N, Th, Fe, Bi, Cu, 
Zn may be present. The mineral is black, brittle, opaque, heavy, 
gray, olive green or dark brown; hardness 5.5. 

Carnotitej (K2.Ca)0.2U03.V206 X H 2 O (structure not definite 
only approximate as given). The mineral is usually canary yellow 
in color, sometimes red or black. Loosely cohering masses of minute 
scales. Rarely compact. 

Autunite, Ca(U02)2p208.8H20, contains 55 to 62% UO3. 

TorbernitCy Cu(U02)2.p208.8H20, contains 57 to 62 % UO3. 

Samarskitey a urano-tantalate of iron and yttrium, etc., 10 to 13% 

UOs. 

FergusonitCf a columbate of cerium, uranium, yttrium, calcium 
and iron. 


DETECTION 

The mineral is warmed with a slight excess of nitric acid (1:1) 
until decomposition is complete. The solution is diluted with water 
and then an excess of sodium carbonate added and the mixture 
boiled and filtered. Sufficient nitric acid is added to neutralize the 
carbonate, and after expelling the CO 2 by boiling, sodium hydroxide 
is added to the filtrate. A yellow precipitate is formed in presence of 
uranium. The precipitate is insoluble in an excess of the reagent, 
but dissolves in ammonium carbqnate. 

Uranou 9 salts are green or blue and form green or bluish-green 
solufions, from which alkalies precipitate uranous hydroxide, reddish 
brown, insoluble in excess, but readily dissolved by ammonium car- 
bonate. Uranous salts are strqng reducing agents. 
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Uranyl salts (UOo.Ra) are yellow. Alkali carbonates give a yell6w 
precipitate, soluble in excess. UO 2 is regarded as a basic radical, 
known as “ uranyl.” The radical migrates to the cathode, upon 
electrolysis of a uranyl solution. Uranyl salts are more stable than 
uranous and are better known. 

Potassium ferrocyanide, K4Fe(CNl8, added to uranous or uranyl 
solutions gives a reddish brown precipitate (or a red color in dilute 
solutions). The i)recipitate dissolves in a large excess of HCl. If 
sufficient ferrocyanide is present the color changes to green on boil- 
ing. Addition of sodium hydroxide to the ferrocyanide precipitate 
of uranium changes the color to yellow. (Distinction from cupric 
ferrocyanide. Ferrocyanide gives a green precipitate with vanadium, 
the color deepens on addition of nitric acid. A blue color is pro- 
duced with ferric iron. No color change wdth chromates. Distinc- 
tion from vanadium, chromium and iron.) 

Barium carbonate precipitates the uranic ion completely. (Distinc- 
tion from the ions of nickel, cobalt, manganese, zinc.) 

Disodium Jiydrogeii phosphate added to uranyl solutions, in 
presence of alkali acetates or free acetic acid gives a yellowish white 
precipitate, UO2HPO4 X Fl-iO, soluble in mineral acids. Warming 
promotes precipitation. 

Tartaric acid, certain organic compounds, hydroxylamine hydro- 
chloride, ammonium carbonate prevent precipitation of uranium by 
alkalies and ammonia. 

Oxides, UOi, brow'n or black; UO.i, brick red; U02(0H)2, yellow. 
All oxides are converted to UaOs on ignition with free access of air. 
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METHODS OF ANALYSIS 

Preparation and Solution of the Sample 

The element dissolves in hycjroehloric and in sulphuric acids; less 
readily in nitric acid. It is insoluble in alkaline solutions. 

The oxide, UO2, dissolves in nitric acid and in concentrated sul-| 
phuric acid. 

UsOg is readily soluble in nitric acid, but dissolves with difficulty 
in hydrochloric acid. dissolves with difliculty in nitric acid but 

easily in hydrochloric (red colored solution) UaOs is readily soluble 
in a mixture of glacial acetic-nitric acids (100:5), V0O& and Fe20j 
(ignited) are practi(‘ally insoluble in this reagent. 

7'hc mils, UF4 and II()2(HP04)2 .4H2(), are insoluble in water, 
but dissolve in strong mineral acids. 

Solution of Ores. — One gram or more of the ore is dissolved with 
15 to 20 cc. of a(iua regia, by placing the mixture first on the steam 
bath for ten to fifteen minutes and then gently boiling over a low 
flame or on the hot plate. The solution is taken to dryness, silica 
dehydrated as usual, the residue treated with 10 cc,. of hot dilute 
hydrochloric acid and diluted to about 50 cc. with hot water and the 
silica filtered off. Uranium passes into th(‘ filtrate. The solution is 
now treated as directed under Separations. If much silica or acid- 
insoluble matter is present, this should be treated in a platinum dish 
with strong hydrofluoric acid, and evaporated twice on the steam bath 
with hydrochloric acid to cx|>el HE. The residue, dissolved with 
hydrochloric acid and water, is added to the first, iiortion of solution 
obtained. 

Camotite. — Solution of the ore is readily cfl'ec'ted by boiling 
with nitric acid to which a little hydrofluoric acid is added. One 
gram of ore with 20 cc. nitric acid and 5 cc. hydrofluoric acid at 
boiling temperature will be completely decomposed in five minutes. 
Some authorities recommend addition of sulphuric acid with ores 
containing barium to break up the combination of barium and 
uranium. .If the lead acetate .separation of vanadium is used, the 
sulphuric acid should be expelled previously to this .separation. 
Consult the gravimetric procedures following the section on 
“ Separations.” 
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GRAVIMETRIC DETERMINATION OP URANIUM AS THE OXIDE, UaO* 

The methods of analysis provide for the necessary separations. 
The following procedure is a standard method for determining 
uranium in ores. * 

Solution of the Sample — Take O.S gram of the finely ground ore, 
or more, according to richness. Treat by heating gently in an 8 oz, 
“ copper flask ” witli nitric or hydrochloric acid, or both, together 
with about 1-2 cc. of hydrofluoric acid, to effect complete solution 
of the uranium. Sometimes galena is present, in which case it is 
best to start with 10 cc. or more of hydrochloric acid and heat until 
the galena is decomjiosed. Whenever hydrochloric acid is used, 
boil almost to dryness to cxjiel most of it bef(»re continuing. To this 
residue, or to the original on?, if hydrocliloric acid appeared un- 
necessary, add 10 cc. of nitric acid and 1-2 cc. of hydrofluoric acid. 
Boil very gently to effect complete deconijiosition, and finally to ap- 
proximate dryness. Allow to cool, add 3 ce. of nitric acid and 50 cc, 
of hot water, and see that everything soluble is dissolved. 

Removal of Interfering Elements 

Now make slightly alkaline with ammonia, then just acid with 
nitric acid, and again alkaline with a little solid ammonium carbon- 
ate, followed by about 5 cc of strong ammonia and 3-4 grams more 
of ammonium carbonate. 

Boil for about a minute and then filter, having a wetted wad of 
absorbent cotton in the apex of the filter. Wash twice witli hot 
water. Boil and concentrato the filtrate in a covered beaker dur- 
ing the next step. 

Dissolve the precipitate on the filter with a little hot dilute nitric 
acid, receiving the filtrate in the original flask. Again neutralize and 
precipitate as before, washing this second precipitate well with hot 
water. Add the filtrate to the first one and continue the concentra- 
tion to 150-200 cc. Now acidify with nitric acid, and then, in case 
of doubt, add about 1 cc. of hydrogen peroxide. A reddish brown 
color indicates vanadium. 

A. Vanadium Present. — Boil to expel any remaining CO 2 , make 
just alkaline with ammonia, then just acid with nitric acid, finally 
adding about 4 cc. of the latter in excess. The apyxnirance of the 
liquid is usually a sufficient indication of the neutralization points. 
Now add 1 gram of lead acetate crystals and then sufficient am- 
monium acetate solution (about 20 cc.) to neutralize the nitric acid 
and precipitate the lead vanadate. Boil for about 10 minutes and 
then filter through a double filter, returning the first portions If not 

1 Footnote contributed by Dr. A. H.’Low, Autlypr of “Technical Methods of 
Ore Analysis.” 
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perfectly clear. Wash with hot water. Receive the filtrate in a large 
beaker. If bulky, boil down to perhaps 200-250 cc. Now add 

ammonia in marked excess and boil for a minute to expel any CO 2 . 
Filter hot, paying no attention to a turbid filtrate unless it is 
yellowish, in wliich case wash the precipitate once with hot water, 
re-acidify the filtrate with nitric acid, heat to boiling and again pre- 
cipitate with ammonia, filtering through the previous precipitate.! 
No washing is required. Place the last beaker under the funnel and filll 
the latter with a strong hot solution of ammonium carbonate, to\ 
which some free ammonia has been added. Usually one filling is \ 
sufficient to dissolve all the uranium and leave a white residue of \ 
lead carbonate, perhaps slightly discolored by a trace of iron. Wash \ 
with hot water, using a little more of the ammonium carbonate ^ 
solution, if apparently necessary. Add to the filtrate sufficient strong 
hydrogen sulphide water to precipitate all the remaining lead (ordi- 
narily 25 cc. of strong hydrogen sulphide water), or pass the gas for 
a short time. This also removes traces of iron. Heat to boiling, 
then allow to stand and settle, kilter, washing with hydrogen sulphide 
water containing some ammonium carbonate. Boil to expel the sul- 
phide, then acidify with nitric acid and boil off all CO 2 . Continue 
according to C. 

B. Vanadium Absent. — Boil the nitric acid solution sufficiently 
to expel all CO 2 , then add ammonia in marked excess and boil a little 
longer to expel any CO 2 in the ammonia. Filter the hot mixture, 
returning the first portions if not perfectly clear. No washing re- 
quired. Dissolve the uranium on the filter with hot ammonium 
carbonate solution, as described in the last paragraph, and con- 
tinue from this point as in the same situation above. Do not omit the 
hydrogen sulphide treatment, for, even in the absence of lead, there will 
usually be traces of iron to be removed. Continue according to C. 

C. Add ammonia in marked excess, boil well for several minutes 
and then filter through an ashless filter, returning the first portions 
if not clear. No washing required. Ignite filter and precipitate 
thoroughly in a porcelain crucible and weigh, after cooling, as UaOg. 
Impurities are usually present. 

It is always well to boil the filtrate for some time. If any more 
precipitate is obtained, collect it on a separate filter, ignite, weigh 
and add its weight to the rest. 

Dissolve the residue in the crucible by warming with a little 
nitric acid. Dilute and test for vanadium with hydrogen peroxide. 

A faint brownish tinge may be neglected. Rinse the solution into 
a small beaker, add solid ammonium carbonate in excess, boil a min- 
ute or two and then filter through a small filter washing with hot 
water. The residue on the filter may consist of alumina and other 
insoluble matter. Ignite filter and residue in the original crucible, 
weigh and deduct the weight from rthat of the impure UaOg previously 
found. • 
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Ammonium Acetate Solution. — Eighty cc. of strong ammonlA, 
100 cc. of water and 70 cc, of 90 per cent glacial acetic acid. 

Norn. — A yellow filtrate from the ammonium uranate indicates incomplete 
precipitation. This may be due to a deficiency in ammonium nitrate, as 
ammonium uranate is perceptibly soluble in pure water. Add a gram or so 
of ammonium nitrate to the filtrate, boil an.d refilter. Or, better, dissolve the 
precipitate on the filter with dilute nitric acid^ so that the mixed filtrates 
will De markedly acid, and repeat the precipitation with ammonia. The 
filtrate should be colorless. 
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GLACIAL ACETIC ACID METHOD FOR DETERMINING 
URANIUM IN CARNOTITE^ 

The followiDg method depends upon the fact that uranium nitrate 
or oxide is soluble in a mixture of glacial acetic and nitric acids in 
the proportion of 20 parts by Volume of the former to 1 part of the( 
latter, while vanadic nitrate and oxide (V 2 O&) are not. I 

Procedure. — Half a gram or more of carnotite ore according t( 
its richness (ground to pass 100 mesh sieve), is taken for analysis 
and digested at boiling temperature with 25 cc. dilute HNO3 (1:1) 
and 1-2 cc. HF. (An amount that wdll fill a small crucible lid.) 
The solution is rapidly evaporated to dryness and baked gently to 
expel water, but not ignited. 

Fifteen to 20 cc. of glacial acetic-nitric reagent (20 1) are added, 
rinsing down the sides of the beaker to remove any adhering material, 
using a policeman if necessary. ('Fhe reagtmt may be conveniently 
handled in a small wash bottle,^ the transferring of iirecijiitates and 
washing with the reagent being necessary, no water being used at 
this stage.) The residue transferred to a filter is washed with the 
reagent five or six times, using small jiorfions of the mixture. 

The filtrate and glaci:il washings are rapidly evaporated to dry- 
ness and the residue again extracted with glacial-nitric acids. This 
extract, free from vanadium, is evajiorated to dryness, and gently 
heated over a free flame until the residue turns dark. Ten cc. of 
nitric acid and 40 cc. of water are added and the mixture heated to 
dissolve the uranium. 

The greater part of the free nitric acid is neutralized by addition 
of ammonia (no permanent precipitate should form). Solid ammonium 
carbonate is added (covering the beaker during the intervals between 
additions of the carbonate as loss will occur through effervescence 
in an uncovered beaker) until a preeijutate forms that remains undis- 
solved on stirring. 2-3 grams of additional ammonium carbonate and 
5 cc. of ammonium hydroxide arc now added and the solution warmed 
to coagulate the hydroxides of iron and aluminum. Uranium passes 
into solution. 

The precipitate is filtered off and w’ashed with hot water. The 
filtrate and washings (concentrated by boiling to about 150 cc.- 
200 cc. if the volume is large) are acidified with nitric acid. (Uranium 
precipitates and rcdissolves.) Uarbon dioxide is expelled by boiling 
and a decided excess of ammonium hydroxide added. The boiling is 
now continued until uranium precipitates completely. If the super- 
natant solution is yellow, it is again acidified with nitric acid, fol- 
lowed by an excess of ammonium hydroxide and the boiling repeated. 
This fjenerally effects complete precipitation. 

The precipitated uranium is filtered off, washing being unnecessary. 

' Wilfred W. Scott, J. Ind. id^ng. Chem., Vol. 14, No. 0, page 531. June, 1922. 
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The filter and precipitate are placed in a crucible, the greater part 
of the water exi)elleil by drying and the material then ignited. The 
greenish black resitlue is weighed as I'aOK. 

This residue should be soluble when boiled with nitric acid. If 
it is not, contamination b}' iron and aluminum is indicated. Any 
residue remaining should be filtered off, then washed free of uranium 
with hot w^ater, and ignited. Its weight is subtracted from the ura- 
nium oxide to obtain the true value of UgOs. 

Notes. — 1. C. A. Pierle, .Jour. liid. Eng. Uhem. 12, 01, 1920. 

2. llraniuin dissolves completely in the glacial-acetio mixture. A small 
amount of the vanadium may dissolve, hence the extract is evajKirated and 
the residue again extra(d;ed. A smaller quantity of the reagent may be used 
in this se(;ond extraction. 20 ec. of the reagimt will dissolve, at boiling tem- 
perature, about 4.5 grams of 11/ >8 in five minutes and about 0.008 grams of 
V 2 O 6 . The proportion of glacial acetic acid to nitric acid should not fall 
below 10: 1, otherwise vanadium will dissolve in appreciable amount. The 
author uses a round bottom flask filled with cold water, placing this over 
the beaker to act as a condenser to prevent loss of acetie acid. Very little loss 
occurs during the five minutes boiling. 

3 The acetw acid extract filters rapidly. The red (!olored residue eon- 
tains the vanadium and xiractically all of the siliea, iron oxide and alumina. 

4. The residue is ignited to destroy organic matter which would prevent 
precipitation of uranium by ammonia. 

5. Uranium carbonate precipitates and then dissolves in the acid when 
present m excess. (X )2 must be expelled as this jirevents pn‘cipitation of 
uranium by ammonium hydroxide. 

6. A colored solution indicates the presence of uranium. The nitrate 
formed by acidification with flNOs and making alkaline with ammonia with 
additional boilmg insured complete precipitation of uranium. This treat- 
ment is seldom necessary. 

7. Nitric acid di.ssolves uranium oxide very easily. The oxide of iron is 
practically insoluble. Vanadic oxide difficultly sohiVile. 

8. Hydrogen peroxide added to the nitric extract will produce a reddish 
brown color if vanadium is present. 

Wash water used in transferring the uranium precipitate should contain 
ammonium nitrate to prevent solution of uranium. 
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• VOLUMETRIC DETERMINATION OF URANIUM BY REDUCTION 
AND OXIDATION 

Introduction. — The determination of uranium by oxidation of 
the lower oxide UO^i to UOj may be accomplished by means of 
potassium permanganate in j>rc,cisely the same manner as in the de- 
termination of iron, the Join's redactor being used for the reduction 
of the uranic salt to the uranous form. The metal must be in solu- 
tion either as a sulphate, a chloride or an acetate, but not as a ni- 
trate. If present as a chloride the usual preventative solution of phos- 
phoric acid and inanganous sulphate solution must be present as in 
case of the titration of a chloride of iron, hence a sulphate solution 
is to be preferred. 

Procedure. Solution. — The method for preparation of the sample, 
isolation of the uranium, has been given in the gravimetric method. 
The solution from the ammonium carbonate precipitate is acidified 
with sulphuric acid and boiled to expel the COa. 

Reduction. — The uranium sulphate solution, dilute^ to a volume 
of 100 to 150 cc., containing one-sixth of its volume of sulphuric acid, 
is heated nearly to boiling and the organic matter that may be pres- 
ent oxidized by addition of just sufficient potassium permanganate 
solution to produce a faint pink color. Fifteen to 20 cc. of dilute 
sulphuric acid are passed through the 18-in. column of zinc in the 
Jones reductor, followed by the hot uranium sulphate solution, flow- 
ing very slowly, fifteen to twenty-five minutes being required for 0.2 
gram of uranium oxide, thirty to forty minutes for 0.3 gram of the oxide, 
care being taken that the liquid in the reductor always covers the 
zinc.^ The uranic solution is followed by 10 to 15 cc. of dilute 1 : 6 
solution of sulphuric acid. 

Titration. — The olive green solution is poured into a beaker or 
casserole. The lower oxides are immediately oxidized to UO 2 by the 
air, as seen by the slight change of color to sea green. The hot solu- 
tion is now titrated with tenth normal permanganate. The solution 
during titration gradually becomes more and more yellowish green, 
as the highest oxidation is approached, until a faint pink color is 
obtained. With large amounts of uranium the color appears a yellow- 
ish pink. 

One cc. 0.1N./KMnO4 * 0.11925 gram U. 

Note. 55.85 grams Fe is equivalent to 119.25 grams U. — Sutton. 

* Hydrogen dioxide formed by nascent hydrogen in contact with air 
would vitiate results. — Gooch. 
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VANADIUM 

V, at.wt. 61.0; sp.gr. 6.026; m.p. 1720° C.; orides V 2 O, V 2 O 0 , VaOs, V 2 O 4 , 
VgObj vanadates — meta NaVO*, ortho NajVOi, pyro Na^VaO?, tetra 
NaaHVflOiT, hexa NaaHaVoOn 

The materials in which the CHtimation of vanadium is desired 
may he surmised from the following facts; Industrial application. 
Vanadium is used in special iron and steel alloys. It increases the 
strength of steel as well as the compression jiower, without loss of 
hardness, and increases the resistance to abrasion; hence vanadium 
steels are used in locomotive and automobile cylinders, pistons, bush- 
ings and all parts of machines subject to jar. It is used in high- 
speed tools, vanadium bronzes for gears, trolley wheels, etc. It is 
used in indeliUe inks, and in the form of alkali vanadates and hypo- 
vanadates it serves as a mordant for aniline black on silk, for calico 
liriuting and like uses. V.anadium salts are used in ceramics where 
a golden glaze is desired. 


OCCURRENCE 

The element occurs widely distributed in minute quantities. It 
is found in ores, hence occurs in blasl-furnace slags as the oxide, 
V2O5. The jirinciinil minerals of vanadium are; 

Minerals. - - Patronite, a sulphide of vanadium, a nickel bearing 
pyrite containing free suli)hur, containing 28-34% V-^Od, associated 
with car])onac(ious mattc'r. ('olor greenish-black, resembling slaty 
coal. Hardness 2 .V.'Lo. 

Vamdinitey (Pb(d) Pb4(V04)3i containing 8 to 21% V2O5, a brittle, 
opaque or translucent, deep red, yellow or brown mineral with resin- 
ous lustre, giving a white to pale yellow streak; hardness 3. It 
consists of small sliarp, hexagonal prisms, also globular masses of 
crystals. 

Roscoelite, a vanadium mica with variable composition, dark green 
to brown in color, with minute scales having a micaceous cleavage. 
Hardries.s 2. 

CarnotUcy KaO- 21102- V'’30£,.3H20, contains 19 to 20% VaOa. 

Vescloizitey (PbZn)2NVO^, contains 20 to 22% V2O6. 

Eusynchitey contains 17 to 24%, VaOj. 

Cuprodesdoizite, (PbZnCu)2(0H)V04, contains 17 to 22% V2O5. 

Calciovolborthitc, (CuCa)2(OH)Vf>4, contains 37 to 39% V2O4. 

Vayiadium occurs in ores of copper and lead, it is present iif cer- 
tain clays and basalts, in soda ^h, phosphate soda, and in some 
hard coals. • • 
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DETECTION 

Ammonium Sulphide or Hydrogen Sulphide passed into an am- 
moniacal solution of vanadium precipitates brown V-iSs, soluble in 
an excess of alkali sulphide and in alkalies, forming the brownish-red 
thio-solution, from which the sulphide may be reprecipitated by acids. 

Reducing Agents. — Metallfc zinc, sulphites (SO 2 ), oxalic acid, 
tartaric acid, sugar, alcohol, hydrogen sulphide, hydrochloric acid, 
hydrobromic and hydriodic acids (KI) reduce the acid solutions of 
vanadates with formation of a blue-colored liquid. (See Volumetric 
Methods.) Reduction is hastened by heating. 

Hydrogen Peroxide added to a cold acid solution of vanadium 
produces a brown color, changing to blue ui)on application of heat. 

Solid Ammonium Chloride added to a neulral or slightly alkaline 
solution of a vanadate precijhtates the colorless, crystalline salt, 
NH4VO3, insoluble in ammonium chloride. The ammonium meta- 
vanadate ignited is decomposial, ammonia volatilizing and the red 
pentoxide of vanadium remaining as a residue. 

The colorless ammonium vanadate solution becomes yellow when 
slightly acidified. Acids produce a red color when added to the solid salt. 

The oxide, K 2 O 5 , ?'.s distinguished from /''V 2 O 3 by the fact that it 
fuses very readily with the heat of Bunsen burner, whereas the oxide 
of iron, Fe 203 , is infusible in the heat of a blast lamp. M.p. V 2 O 6 
~ 058® C.; m.p. Fe20.j = 1548° 

Comparison of Vanadium and Chromium Salts. — Vanadium, like 
chromium, forms a soluble salt upon fusion with sodium carbonate 
and potassium nitrate or with sodium jieroxide. The solution of vana- 
dates and of chromates are yellow or orange; the color of the chro- 
mate becomes more intense when strongly acidified, whereas that of 
the vanadate is reduced, 'fhe yellow color of the vanadate solution 
is destroyed by boiling with an excess of alkali, but may be restored 
by neutralizing the alkali with acid. The chromate color is not de- 
stroyed. (Yellow with alkalies, orange in acid solution.) Silver 
nitrate protluces a dark-maroon ])recipitate witli a soluble chromate 
and an orange-colored j)reci])itate with a vanadate; mercurous ni- 
trate produces a red-colored precipitate with chromates and a yellow 
with vanadates. Vanadates are also distinguished from chromates by 
the reduction test: reducing agents such as a soluble sulphite, or sul- 
phurous acid added to acid solutions, form a blue-colored liquid with 
vanadates and a green color with chromates. Ammonium hydroxide 
added in excess to the cold reduced solutions gives a brown color, 
or a brown to dirty gr65en precipitate with vanadium, and violet or 
lavender color or a light green-colored precipitate with chromium, de- 
pending upon the concentration of the solutions. Hydrogen peroxide 
added to the reduced cold acid solutions changes the vanadium blue 
to reddish brown; the chromium green remains unchanged. 

Reduction with zinc is* rapid with vanadates, much less vigorous with 
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chromates. yiOb reduced to V2O2, color changes to blue, green, lavender 
and finally violet. SO2 or H2S reduces V2OJ to V2O4. ¥21)2 forms vanadyl 
salts. 

Detection of Vanadium in Steel. — Five grams of the sample 
are dissolved in dilute nitric acid, the nitrous fumes boiled off, the 
solution cooled, and an excess of sodium bismuthate added. After 
filtering through an asbestos filter an excess of concentrated ferrous 
sulphate solution is added and the solutum divided into two equal 
parts in test-tubes. To one portion 10 cc. of hydrogen peroxide are 
added and to the other 10 cc. of water. If vanadium is present the 
peroxide solution will show a deeper color than the untreated solution. 
A deep red color is produced with high vanadium steels and a 
brownish-red with low. Since titanium also causes tl)is color, it would 
interfere, if it were not for the fact that the color produced with 
titanium is destroyed by hydrofluoric acid and fluorides, whereas that 
of vanadium is not. In prevsenco of titanium, 5 oe. of hydrofluoric 
acid are added to the treated samide. 

The browiP color produced by hydrogen peroxide, with vanadium 
solutions, will remain in the water portion when shaken with other. 
The ether layer is colored a transient blue in presence of chroiriimu. 
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METHODS OF ANALYSIS 

Preparation and Solution of the Sample 

In decomposition of the material for analysis the following facts 
regarding the solubility of the metal, its oxides and principal salts, 
will be helpful: 

Element. — The metal is not attacked by aqueous alkalies, but 
is soluble by fusion with potassium or sodium hydroxide and sodium 
carbonate containing potassium nitrate. It is insoluble in dilute hydro- 
chloric and sulphuric acids. It dissolves in concentrated sulphuric 
acid and in dilute and concentrated nitric acid forming blue solutions. 

Oxides. — VjOo, V2O4 and VaOs are easily soluble in dilute acids, 
and alkali hydroxid(‘.s. 

V2O3 is insoluble in liydrochloric and sulj)huric acids, and in alkali 
solutions. It dissolves in hydrofluoric acid, and in nitric acid. 

Salts. — Ammonium meta vanadate, NIf 4 V 03 , is slightly soluble in 
cold water, readily soluble in hot water. The presence of ammonium 
chloride renders the salt less soluble. The vanadates of lead, mer- 
cury and silver are difficultly soluble in water. These are dissolved, 
or are transposed by mineral acids, the vanadium going into solu- 
tion; i.e., lead vanadate treated witli sulphuric acid precipitates lead 
sulphate and vanadic acid passes into solution. 

General Procedure for Decomposition 

Ores and Material High in Silica. — The sample is treated in a 
platinum dish with about ten times its weight of hydrofluoric acid 
(10 to 50 cc.) and 2 to 5 cc. of strong sulphuric acid. The silica is 
expelled as SiF 4 and the hydrofluoric acid driven off by taking the 
solution to SO3 lumes. The residue is extracted with hot water con- 
taining a little sulphuric acid. Any uiidissolved residue may be 
brought into solution by fusion with potassium acid sulphate, KHSO4, 
and extraction with hot water containing H 2 S() 4 . The iron passes 
into solution with vanadiun^. 

Products Low in Silica. — Decomposition may be effected by 
fusion in a nickel crucible with sodium peroxide and extraction with 
water. The water should be added cautiously, as the reaction is vigorous. 
One gram of the finely divided ore is intimately mixed with 3 to 4 
grams of Na 202 and 1 gram of the peroxide placed on the charge. 
The material is then fused. The iron, steel, and ores may be de- 
composed by fusion with NazCOs, and KNO3. 

Vanadium may be determined volumetrically after removal of the 
hydtdfeen sulphide group, by titration with potassium permanganate 
according to the procedure given later. 

Alloys. — These may be decomposed with nitric acid, or aqua re^a. 
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GRAVIMETRIC METHODS 

The following procedures presuppose that vanadium is present in 
the solution as an alkali vanadate, the form in which it occurs in the 
water extract from a fusion with sodium carbonate and potassium 
nitrate, as is described in the methocL of solution of ores containing 
vanadium. Chromium, arsenic, phosphorus, molybdenum and tung- 
sten, if present in tlie ore will be found in this solution. 

GRAVIMETRIC METHOD OF DETERMINING VANADIUM BY 
PRECIPITATION WITH LEAD ACETATE ^ 

Principle. — From a weakly acetic acid solution, vanadium is 
quantitatively precipitated by lead acetate. The precipitate is dis- 
solved in nitric acid, lead removed as a sulphate, and vanadium deter- 
mined in the filtrate by taking to dryness and igniting to the oxide, VaOs. 

Procedure. — To the alkaline solution or an aliquot portion ob- 
tained by extraction of the carbonate fusion of the ore with water, 
just sufficient Amount of nitric acid Is added to nearly neutralize the 
alkali present, as in the case of the method described for precipita- 
tion of vanadium by mercurous nitrate, and then a 10% solution of 
lead acetate is added in slight excess with continuous stirring. The 
precipitate is allowed to settle on the steam bath. The vanadate, 
first appearing orange colored, will fade to white upon standing. The 
lead vanadate is filtered and washed free of the excess of lead acetate 
with water containing acetic acid. The prec-ipitate is washed into a 
porcelain dish with a little dilute nitric acid, and brought into solu- 
tion by warming the lead salt with nitric acid. To this, the ash of 
the incinerated filter is added. Hufficient sulphuric acid is added to 
precipitate completely the lead, and the solution taken to small vol- 
ume on the water bath and then to SOa fumes, but not to dryness. 
About 100 cc. of water arc added and the mixtuKC filtered; lead 
sulphate will remain upon the filter and the vanadium will he in 
solution. The lead sulphate is washed free of vanadium (i.e., until 
the washings no longer give a brown color with hydrogen peroxide). 

The filtrate containing all the vanadium is evaporated to small 
volume in the porcelain dish, then transferred to a weighed platinum 
crucible and evaporated to dryness on the water bath and finally 
the residue (V'iOe) heated to a dull redness OA^er a Runsen flame. 

V 2 O 6 X 0.5004 = V 

Notes. Lead may be wfjwrated ’from the vanadium by passing II 2 S 
through the nitric acid solution, the excess of HaS volatilized by boiling and 
the liberated sulphur filtered off. The filtrate is evaporated to diyness and 
the vanadium ignih*,d with a few drops* of nitric acid to the oxide VaOa 

Lead may also be separated as lead chloride in the presence of alcohol, 
the solution taken to dryness and vanadium oxidized by addition of*nitrio 
acid and ignited to VoOj,. 

Note volumetric method on page 632. 

* .Method by Roscoe, Ana. Chem. Phferm., Supplement 8, 102, 1872. 
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VOLUMETRIC PROCEDURES FOR THE DETERMINATION 
OF VANADIUM 

POTASSIUM PERMANGANATE METHOD 

Reduction of the Vanadate, V2O5, to Vanadyl Condition, V2O4, 
and Reoxidation with Potassium Permanganate 

Principle. — Vanadium in solution as a vanadate is reduced to 
the vanadyl salt by H^S or SO2, tiie excess of tlie reducing agent ex- 
pelled and the solution titrated with st'indard KMn04, vanadium 
being oxidized to its highest form, V^Os. 

Reactions. — (t. V2O5 -|- SO2 = ^ 2O4 4" SOj. b. \ 2O4 -j- 0 = V20ii. 
Hence 

N/10 sol. = — - grams to tlie liter. 

• • 

Procedure. — An aliquot iiortion of the solution containing vaua- 
diuni, as obtained by one of the jirocedurcs given for tlie solution of 
the sample, is taken for analysis; dilute sulphuric acid (1 : 1) is added 
to acid reaction and 5 cc. of acid per 100 cc. of solution added in ex- 
cess. The vanadium content should be not over 0.5 gram when a 
tenth normal permanganate is used for the titration. If arsenic or 
molybdenum is 'present these may be removed from the solution by 
passing in H2B. The insoluble sulphides are filtered off and washed 
with li'jS water. The filtrate is boiled down to two-thirds of its 
volume and the sulphur filtered olf. In the absence of members of the 
H2S group, this portion of the procedure is omitted. 

Oxidation with KMn04. —• The solution containing the vanadium 
is oxidized by adding, from a burette, tenth normal potassium per- 
manganate to a faint permanent ])ink. If the solution has been 
treated with H2S, the vanadium is in the vanadyl condition, and the 
amount of permanganate required to oxidize the solution completely 
will give a close approximate value for the vanadium present, each 
cc. of N/10 KMn04 being equivalent to 0.0051 gram of vanadium. 

Reduction. — The vanadite is now reduced to vanadyl salt by 
passing through the acid solution, containing approximately 5% of free 
sulphuric acid, a steady stream of SOo gas. Reduction may also be 
accomplished by adding sodium metabisqlphite, or sodium sulphite 
to the acid solution. The excess S()2 is now removed by boiling (a 
current of COo passed into the hot solution will assist in the complete 
expulsion of the SO2), • 

Ni^te. KMn04 is reduced by SO2. 

Test for Iron. — A dro|3 test with potassium ferricyanide, KaFc (CN) 6, 
on a white tile will give a blue color in the presence of ferrous 
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iron. Since ferrous iron will titrate with potassium permanganate, 
its oxidation is necessary. This is accomplished by adding tenth 
normal potassium dichromate solution cautiously to the cold liquid 
until no blue color is produced by the spot test with K 3 Fe(CN )6 
outside indicator. If the sample is sufficiently dilute, the blue color 
of the vanadyl solution will not interfere in getting the iioint where 
the iron is completely oxidized, ('are must be taken not to pass this 
end-point, otherwise V 2 O 4 will also be oxidized and the results will 
be low. 

Note. The action of the dichromate is selective to the extent that iron 
is first oxidized and then \ 2 <h If the amount of iron present is large a 
separation must ctTec.tecl In (!a.se a sodium earbonntc-potassium nitrate 
fusion has been made and vanadium has been extracted by water, iron will 
not be present. A special procedure for determination of vanadium in steel 
is given. 

Potassium Permanganate Titration. — N/ 10 KM n 04 is now cau- 
tiously added until a pink color, persisting for one minute, is ob- 
tained. Durinl the titration the solution changes from a blue color 
to a green, then a yellow and finally a faint jiink. The reaction 
towards the end is ai)t to be slow if made in a cold solution. 


Notes In absence C)f chromium, it is bi'tter to make the titration in a 
hot solution, HO to 80" U., the end-point being improvi^d by heat. In case 
an excess of piTiminganate has been added, the ('xeess may b(‘ determined by 
a hack titration with tenth normal thiosulphatx', I he solution may be rerun, 
if desired, by repeating the n*duetion with S ()2 and the titration witii K 2 L'r 2()7 
and KMnO-i. 

One cc. N/10 of KMnO-, = 0 0051 gram of V, or = 0.00912 gram of V 2 O 6 . 


For solutions containing less than 0.5% vanadium a weaker permanganate 
reagent should bc^ used. A fiftieth normal pennaiiganate solution will be 
found to be useful for materials low in vanadium. *. • 1 

The author obtained excellent tesulta by the above procedure on materials 
containinR smaU amounts of iron and chromium; with amounts equal to 
that of Liadium present in the solution no mtorfcrence was expo wnccd. 
The titration with potassium ixirrnanganato [s made m cold solutions if chro- 
mium is present, as the permanganate will oxidize chromium m hot solu- 


tions. 
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VOLUMETRIC DETERMINATION OF VANADIUM BY REDACTION 
WITH ZINC TO V2O, 

The procedure proposed by Gooch and Edgar is to reduce vanadic 
acid, in presence of sulphuric acid, by zinc to the oxide, V 2 O 2 ; oxi- 
dation of the unstable V 2 O 2 by the air is anticipated by means of 
ferric chloride or sulphate, in the receiver of the Jones reductor, the 
highest degree of reduction being registered by the ferrous salt formed 
by the reaction of the reduced vanadate on the ferric salt, i.e.A 
V 2 O 2 H- 3 Fe 203 = 6FeO + V 2 O 6 . Compounds reduced by zinc and oxi-\ 
dized by KMn 04 must be absent or allowed for. 

Procedure. — The Jones reductor is set up as directed in the pro- ^ 
cedure for the determination of iron by zinc reduction. The receiver 
attached to the tube containing the column of zinc is charged with a 
solution of ferric alum in considerable excess of that required for the 
oxidation of the reduced vanadium. (The amalgamated zinc is 
cleaned by passing through the (Joluinn a dilute solution of warm sul- 
phuric acid. The final acid washings should show no further reduc- 
ing action on permanganate when the reductor is clean. Gentle 
suction is applied, and through the column of clean amalgamated 
zinc are passed in succession 100 cc. of hot water, 100 cc. of 2.5% 
sulphuric acid, and then the solution of vanadic acid diluted to 25 cc. 
in a 2.5% sulphuric acid solution, and finally 100 cc. of hot water. 
To the receiver is added a volume of 4 cc. of syrupy phosphoric acid 
to decolorize the solution. The reduced iron salt is now titrated with 
N/10 KMn04. 

One cc. N/10 of KMn ()4 = 0.0017 gram of V, or = 0.00304 gram of 
Va05. 

1 Corrections should be made for the action of zinc upon the reagents 
without the vanadic acids, this blank being deducted in the test. 
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« 

DETERMINATION OP VANADIUM IN ORES, MINE AND CRUDE 
MILL SAMPLES > 

Reagents. Indicator. K 3 Fe(("N) 6 . — Make up just before using 
in a drop bottle which has been washed out with NaOH and then with 
water. Place a small crystal of the* salt in the bottle and wash 
several times to remove the oxidized coat, pouring out the washings, 
then add about 30 cc. of distilled water and dissolve for use. 

Ferrous ammonium sulphate, FeS04.(NH4)?804.H20. 135 grams of 

the salt are dissolved in a mixture of 333 cc. of sulphuric acid and 3000 
cc. of water. 

Standardize the solution as follows: — Take 25 cc. of the sol- 
ution and add 25 cc. H2SO4. Dilute to 400 cc. and titrate with standard 
K 2 Cr 207 reagent using K3Fe(CN)6 indicator according to the proce- 
dure used in the determination of iron. 

Potassium permanganate, KMn 04 . 3.162 grams per liter. 

Potassium dichromate, K 2 Cr 2 () 7 . 4.903 grams per liter. 

Standardize* with \ gram of iron >^ire. (1 cc. = 0.56 g. of Fe.) 

Procedure. Solution of the Sample. — Take 2.04 grams of the 
ore, ground to pass through a 60 mesh screen. Fuse with (about 20 
times its volume) sodium peroxide in a 25 cc. iron crucible. (If the 
mixture can be thoroughly cintered, it is better than a complete 
fusion.) Take up the mass with water in a 600 cc. beaker. Add a 
solution of 50 cc. of strong sulphuric acid diluted with 100 cc. of water. 
Then dilute to 400 cc. with water. 

Titration. — Heat to about 80* F and add just sufficient of the 
permanganate reagent to make the solution pink. Titrate back with 
a few drops of ferrous ammonium sulphate reagent until the color 
of the permanganate just disappears. The solution will now appear 
a green or blue color. Now add the “ ferrous solution until the 
ferric cyanide spot test shows a faint blue color, then 2 cc. excess 
of the “ ferrous ” solution. Titrate back the excess with the standard 
potassium dichromate reagent until the indicator shows no color on 
the spot plate. 

Calculate the ratio of the ferrous solution and the dichromate 
to a common basis. Deduct the cc. of dichromate from the cc. of “ fer- 
rous ” added to the bluish green solution above and divide the re- 
sult by 4. With an exact N/IO solution the result will be the per 
cent of vanadium in the sample.* 

Optional Method. — Rciluce thh vanadium by adding a strong 
solution of ferrous sulphate drop by drop until a blue color is pro- 
duced with potassium ferricyanide when a drop of the solution is 
added to a drop of the indicator on* a spot plate. Oxidize the excess 

^ The author is indebted to Mr. Theodore Marvin, Met. Dep't. C. M., 
for details of this method. 

® Note. If the factor weight 0.51 •g. is taken, 1 cc. N/10 KMnOi will 
equal 1% V. 
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FeS04 by adding N/lO KMn04 cautiously to cqld solution, until 
the spot test no longer gives a blue with K4Fe(CN)6 solution.^ 
(No blue color should develop in 30 seconds.) Now titrate the vana- 
dium with additional KM 064 added to hot solution until a faint 
pink color develops. 1 cc. N/10 KMn()4 = 0.0051 g. of V. 

Lead Acetate Method. — The solution obtained from the fusion of 
the ore (see Preparation of the sample) is acidified with acetic acid. 
Then sufficient lead acetate is added to completely precipitate the 
vanadium (usually 2 or 3 grains, according to the amount of vauaA 
dium in the sample), the solution is stirred, allowed to settle and the\ 
lead vanadate filtered off and treated as follows: — ' 

Take the residue on the filter (this at first appears yellow) and ■, 
dissolve in a very dilute solution of nitric acid. The acid should be 
hot Transfer to an 800 cc. beaker. 

Add about 10 cc. of concentrated sulphuric acid and evaporate to 
fumes of SO3. All traces of nitrous oxide must l)c expelled. Dilute 
to 600 cc. with distilled water, add 25 cc. of concentrated sulphuric 
acid, heat and titrate with standard permanganate a^^cording to the 
first of the volumetric procedures. 

‘ See method for Vanadium m Steid undcM* Notes. 
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SPECIAL PROCEDURES 

Volumetric Determination of Molybdenum and Vanadium in 
Presence of One Another 

Sulphur dioxide reduces V 2 O 5 to V 2 O 4 , but docs not reduce molyb- 
dic acid provided the samj)le contains 1 cc. of free sulphuric acid per 
50 cc. of solution and not more than 0.2 gram of inolybdic acid. 
By means of amalgamated zinc VoOj, is reduced to V 2 O 2 and Moih 
to M 02 O 3 . Upon thcvse two reactions the determination is based ac- 
cording to the procedure worked out by Edgar. Details of the 
method arc given in the chapter on Molybdenum, page 307. 

Volumetric Determination of Vanadium^ Arsenic or Antimony 
in Presence of One Another. Edgar’s Method 

Tartaric or oxalic acid reduces V 2 O 5 to V 2 () 4 , but does not act 
upon arsenic of antimony. On the 'other hand SOa causes the re- 
duction of all three. Therefore if alicpiot portions of the solution are 
taken, one portion being treated with tartaric acid and vanadium de- 
termined by titration with iodine, and another iiortion reduced with 
SO 2 and again titrated with iodine, the difference between the two 
titrations is due to the cc. of reagent reijuired for the oxidation of 
the reduced arsenic or antimony. 

Reactions. V 2 O 4 -M 2 + I1>0 = V 2 O 6 + 2H1. 

As.Os + V2()4 + 3 I 2 + aHjO = AS2O5 -f V2O5 + 6HI. 

Sb .Oa + V 2 O 4 + 3L. -f ailsO = SbiOfi -f V2O5 + 6 HI. 

Vanadium. — One iiortion is boiled ^^lth about 2 grams of tartaric 
or oxalic acid, until the solution turns the characteristic blue of vana- 
dium tetroxide. After cooling, the solution is nearly neutralized 
with potassium bicarbonate, and an excess of standard iodine solu- 
tion added. Neutralization is now completed, an excess of bicar- 
bonate added, and after fifteen to thirty minuti's the excess iodine 
titrated with standard arsenious acicl, starch btiing used as an indi- 
cator. This titration measures the vanadium present. 

Arsenic or Antimony. — A second portion of the solution is placed 
in a pressure flask and acidified with sulphuric acid. A strong solu- 
tion of sulphurous acid is added, the flask closed and heated for an 
hour on the steam bath. After co»ling, the flask is opened and the 
solution transferred to an Erlenmeyer flask and the excess of SO2 re- 
moved by boiling, a current of CO2 being passed through the liquid. 
The cooled solution is treated with bicarbonate, iodine added and the 
titration conducted exactly as described for determination of v|Lna- 
dium in the first portion. The difference between the first titration 
and the second is a measure of the cc. required for oxidation of 
arsenic or antimony. • * 
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Determination of Vanadium in Presence of Iron. Vanadium 
in Steel. Chromium being Absent 

Two grams of the sample, (or an amount containing approximately 
0.2 g. of V) are dissolved in 50 cc. of (3 : 2) H2SO4. When the action 
subsides, 10 cc. of HNO3 are a'dded and the solution boiled. (Refrac-I 
tory products decompose with addition of HF, but this should bel 
fumed off if used.) Permanganate is now cautiously added until a 
faint pink color is obtained. 

The vanadium is now reduced by cautious addition of ferrous salt 
solution (a standard solution not necessary), until a drop of the solu- 
tion mixed with a drop of potassium ferricyanide indicator (a pure 
crystal the size of a pin head dissolved in 100 cc. of water) on a 
white tile shows a blue color indicating ferrous iron. 

The excess ferrous iron is now cautiously oxidized with standard 
permanganate reagent until no blue color results^ in the spot test. 
In case of doubt regarding this epd-point ferrous solutiop is again added 
until the spot test gives a blue color ^ and the oxidation with perman- 
ganate repeated. If this end-point is passed the results will be low. 

Vanadium is now titrated with the standard permanganate, mak- 
ing note of the exact amount required to produce a permanent faint 
red color.^ The solution may be titrated hot in absence of chromium. 

1 cc. of N/lO KMn04 will oxidize 0.0051 gram of vanadium. 

Determination of Chromium and Vanadium in the Same Solution 
in Presence of Iron. Chromium and Vanadium in Steel 
and Ferrous Alloys 

The method takes advantage of the fact that both chromium and 
vanadium are yeduced by a ferrous salt, but only vanadium is oxi- 
dized in a cold solution by potassium permanganate. 

Reagents. — N/10 solutions of KMn04 and FeS04.(NH4)2S04. 

Very dilute solution of K4Fe(CN)6 indicator for iron. 

Procedure. — The sample is brought into solution by means of 
sulphuric or nitric acid or both. For convenience in titration the 
amount of chromium should not exceed 0.08 gram and vanadium 0.2 
gram, the quantity of sample being taken accordingly. 

The solution containing iron, , chromium and vanadium is cau- 
tiously oxidized by adding the standard permanganate until a faint 
pink color is obtained. A slight excess of standard ferrous salt is 
now added, the amount being sufficient to completely reduce the 
chromium and vanadium present and about 1 cc. excess. The solu- 
tion ^urns green (no shade of yellow being evident) and ferrous iron 

^ The amount required to oxidize *the iron is not considered. 30 seconds 
should be allowed for the color to develope. 
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is evident by the spot test with the ferricyaiiide indicator, placed in 
drops on spot plate, a blue color resulting as soon as ferrous iron is 
in excess. Make record of the cc. required. 

To the cold solution standard potassium pennangauatc is now 
added until the excess of ferrous iron is oxidized as shown by the 
spot test. (No blue produced with the ferricyaiiide solution.) ^ Make 
a record of the amount required to oxidize the iron. 

Now continue the titration with permanganate until a faint pink 
or red color is obtained indicating the complete oxidation of vana- 
dium. The color should persist for 30 seconds. Make a record of 
the amount of permanganate required. 

Calculation. — The total titration with, the ferrous salt minus the 
back titration to oxidize the excess of ferrous iron is the amount re- 
quired to reduce vanadium and chromium. 

The total permanganate required to produce a pink color minus the 
amount required to oxidize the excess of ferrous iron gives the amount 
of permanganate required to oxidize vanadium. (Chromium being 
unaffected). ^ 

Therefore 

Total cc. ferrous sol. minus total cc. of KMn 04 sol. multiplied by 
the chromium factor 0.001733 = gram of Cr. in sample. 

Total cc. of KMn 04 sol. minus cc. of KMn 04 required by excess of 
ferrous salt multiplied by the vanadium factor 0.0051 = 
gram of V. 

Note. If the ferrous solution and p(*rmanganate solution are not ex- 
actly N/10 convert the cc. used above to exactly N/10 equivalents. 

^ Dilute ferrous solutions act slowlv on the ferricyaiiide indicator. 30 
seconds should be allowed for the color to developc. 
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ZINC 

Zn, at.wt. 66.37; sp.gr. 6.48 to T.19; m.p. 419°; b.p. 920° C.; ZnO oxide 

Tlie determination of zinc is called for in the buying and sellinfe 
of ores for smelters, refuse material, e.g., from galvanizing plants, foundA 
ries, brass mills, and blast furnaces, in manufacture of brass, white\ 
metals, and alloys in general, paints and pigments, zinc chloride for\ 
preservation pur]:)oses, and in the control work in smelting of zinc > 
and lead ores. 


OCCtTRRENCE 

Zinc is found in nature only in combined form, the carbonate 
zinc spar, smithsonite; the silicate, willcmite; the sulphide zinc blende, 
sphalerite; and the oxide, zincite,' all of commercial importance. Nearly 
all of these ores contain cadmium. A brief description of the more 
important minerals follows. 

Minerals. — Sphalerite, Zinc lllende, Black-Ja(5k, ZnS, a brittle, 
resinous, transparent to translucent, yellow, ])rowu or black, rarely 
white, green or red mineral, with resinous lustre; white to pale 
l)rown streak; hardness 3.5-4. Occurs massive, cleavable, also com- 
pact fine grains. 

Zincite, Red Zinc Ore, ZnO, a brittle, translucent, orange-red to 
deep red mineral with sub-adamantine lustre, giving an orange-colored 
streak; hardness 4-4.5. Lamellar or granular masses. 

Smithsonite, Dry Bone, ZnCOa, white (may be yellow, brown, green 
or blue), brittle, translucent to opac^ue mineral with vitreous to dull 
lustre; white streak; hardness 5. Stalactitic, also porous masses and 
granular. Crystals often colored by iron, copper and cadmium. 

Willemite, Troostite, Zn2Si04, a brittle, transparent to opaque 
mineral with resinous Lustre, colors varying from wliite, yellow, green, 
pale red, blue and brown; streak almost white; hardness 5. Compact 
or granular masses, occasionally radial aggregates of slender crystals. 

Calamine, Electric Calamine, (Zn0H)2Si03, a brittle, opaque to 
transparent mineral, yellow to brown, or colorless, white, rarely blue 
or green crystals; vitreous to pearly lustre; white streak; hardness 
4.5-5. Drusy surface or in radihted groups of crystals, forming a 
ridge or cockscomb, rarely small transparent crystals. Granular, 
stalactitic, botryoidol. A constituent of some clays. 

Franklinite, (Fe Mn Zn)(Fe Mn)204, a black, brittle, opaque min- 
eral ^with metallic or dull lustre, may be slightly magnetic; streak 
brown to black ; hardness 6-6.5. Occurs in compact masses, rounded 
grains and octahedral crystals. 
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Zinc is a bluish white crystalline metal; brittle at ordinary tcin- 
peratures; malleable at 110-150®; brittle at 200° C. Its hardness is be- 
tween that of tin and copper. At boiling temperature the metal 
burns in the air with a pale greenish-blue flame, forming zinc oxide. 
In moist air the metal is coated with a stable carbonate which acts 
as a protection against further action.- Zinc is used in galvanizing 
iron to protect it from corrosion by oxidation, in this respect acting 
more perfectly than tin. Zinc forms an important constituent in a 
number of alloys. At retl heat zinc decomposes w^ater; in powdered 
form, it acts slowly on cold water. 

Suggestion to the Students. — Determine zinc by the ferrocya- 
nide method given on page 648. 

DETECTION 

General Procedure. — After the removal of the HCl and H 2 S 
groups, Fe, Al, and (h’ may be ])reci])itatcd as hydroxides, or as 
basic acetates. Zn is now precipitated wdth Co, Ni and Mn from an 
ammoniacal solution liy H 2 S. The jirecipitated sulphides are treated 
wnth cold dilute IICl, whereupon Zn and Mn dissolve as chlorides. 
After expelling lIuS by boiling, Zn is changed to the soluble Na2Zn02 
by an excess of NaC)H, which preciintates Mn as the hydroxide. 
From the alkaline filtrate white ZnS is precipitated by H^S. 

Ferrocyanide Test. — Bring ihe material into solution with hydro- 
chloric acid or nitric acid and add bromine w^ater. Precipitate iron, 
aluminum and manganese with ammonium hydroxide, filter. Make the 
filtrate acid with hydrochloric acid adding about 10 cc. in excess for 
eaidi 100 cc. of solution, now' add a solution of potassium ferrocya- 
nide, if zinc is present a white precipitate forms. Copi)er interferes 
as it also precipitates, hence if it is jiresent it must be removed by 
(see section on Separations also “ General Procedure 
above. • 

In absence of manganese and copper the procedure may be 
shortened. To the solution obtained above add 2-3 grams of citric 
acid per 200 cc. of solution, then make ammoniacal and add ferro- 
cyanide — a white precipitate indicates zinc. 

Blow-Pipe Test. -- The finely powrdered material, when heated on 
charcoal in the reducing flame of a blow-pipe, gives an incrustation, 
yellow when hot — white when eold. On moistening with cobalt 
nitrate and re-igniting, the mass is* greenish-yellow'. Materials con- 
taining above 5% Zn will give positive tests. With experience, less 
can be detected, but for smaller amounts the regular procedure as given 
under Titration in Acid Solution, Separating Zn as ZnS, should be 
followed, using samples as follows: For material containing 0.01-0.05%, 
10 to 20 grams; 0.05-0.10%, 5 to 10 grams; 0.10-0.5%, 5 grams; 
0.5% and up, 2 grams to 0.5 gsam, depending on per cent of 
zinc present. • • 
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METHODS FOR DETERMINATION OF ZINC 

Preparation and Solution of the Sample 

Solubility. — Pure metallic* zinc is not readily attacked by acidsi 
but a trace of impurity acting as a catalyzer causes it to dissolveL 
The metal dissolves in alkalies, impurities assisting the reaction! 
Cold dilute HNO3 dissolves Zn with evolution of N2O and NO.\ 
Strong HNO3 has only a slight action, the nitrate being sparingly' 
soluble in HNO3. Hot cone. H2SO4 dissolves Zn with evolution of \ 
SO2. \ 

Salts. — All zinc salts are soluble in NaOH, KOH, and NH4OH, 
except ZnS. Zn2Fe(CN)fl is insoluble in NH4OH and in HCl. ZnS 
is soluble in dilute HCl. The sulphide, basic carbonate, phosphate, 
arsenate, oxalate, and ferrocyanide of zinc are sparingly soluble in 
water. 

Ores. — Most of the zinc ores are soluble in acids.*' High silicates 
may require the addition of hydrofluoric acid to effect decomposition. 
The aluminates may require fusion with acid potassium sulphate, 
KHSO4, or with sodium-potassium carbonates. 

The representative sample should be ground to pass a 100 mesh 
screen, or finer. If the material contains shot metal, it should be 
screened out and tfie percentage present calculated. 

Preliminary Procedure. Moisture Determination in the Pulp. — 
One of the commonest causes of differences in zinc ore analysis is 
the failure to take moisture determinations on the pulp sample. 

In order that analyses made on the same pulp at different times 
and in different laboratories may be compared it is absolutely neces- 
sary that all determinations be corrected to a dry basis. It is not 
sufficient that the sample be dried before or after having been pulped, 
but a sample for moisture must bo weighed out at the same time as 
the sample for analysis, and the analytical result corrected for the 
per cent of moisture found at the time of weighing. This is especially 
true on roasted zinc ores which contain sulphates of zinc, iron and 
lime and which take up moisture quite rapidly under ordinary atmos- 
pheric conditions. 

The usual temperature for drying should be 110° O., but on special 
ores, e.g., those containing sulphates, it is necessary to dry at 250° C.' 
unless it is first shown that there is no . loss of water above 110° C. 

The determination is best made by weighing approximately two 
grams in a small glass-stopi>ered weighing tube and drying tc c con- 
stant weight, the weighing tube ’being closed with the glass stopper 
as spon as the tube is taken from the drying oven. 

Genetal Procedure. — The following procedure is generally ap- 
plicable to zinc ores — 0.5-1. 0 gram of the ore is treated with 10 cc. 
of strong hydrochloric acid. (If much silica is present it is generally 
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advisable to add about 5 cc. of water and then 10 of HCl) hetft 
gently and then add 10 cc. of strong nitric acid and boil down to 
about one third of its volume. Cool slightly and add 5 cc. of strong 
sulphuric acid and evaporate to sulphuric acid fumes. The decompo- 
sition may be carried out iji a poar-.shaped flask (such as l.ow’s flask) 
or in a casserole, the evaporations bokig made over a free flame, or 
in a beaker on a hot plate (gas or clectrujally heated). The cooled 
mass may now be treated with 40-50 cc. of water and the soluble 
salts including zinc brougJit into solution by warming on a hot plate. 
Silica will remain insoluble and may be filtered off, and washed with 
hot water. 

Refractory Materials. --- Follow the general procedure to the 
washing of the insoluble matter. Ignite tliis residue in a large plati- 
num crucible and treat by either of the following methods (a) Add 
10 cc. of strong hydrochloric acid and 5 cc. hydrofluoric acid (as 
much as will be held in a plaliniim crucible lid) and evaporate to 
small volume, on a water bath. Add 5 cc. more of hydrochloric acid 
and again evaiforate. The concentrate may now be diluted and the 
solution added to the main solution. 

(b) Fuse the residue with sodium- p<jtassium carbonates; follow 
this with the usual acid treatment, taking to dryness, adding acid and 
filtering off from SiOo, adding the filtrate to the bulk of solution 
containing the zinc. 

Zinc may now be isolated separating it from interfering sub- 
stances — see “ Separations.” 

For details of the general method for ores see under General 
Methods for Determination of Zinc. 

Material Containing Carbonaceous Matter. — If the material under 
examination contains carbonaceous matter, coal, etc., it must be 
separated by taking to dryness with hydrochloric acid. Take up in 
acid and water, filter and wash, and evaporate the filtrate to dryness. 
Take up in nitric acid and proceed as in the regular method. 

If the carbonaceous material is not removed, the manganese does 
not separate cleanly, due to the reducing action of carbonaceous 
compounds. 

Special Procedure for Material Containing Metallics. — On ac- 
count of the lack of uniformity in the case of metallic zinciferous 
material containing lead and iron, it is well to work on large samples. 
Five or ten grams of the metallics reduced to as fine a size as possible 
are weighed out and dissolved in mtric acid. The nitrous fumes are 
boiled off and the whole made up to 500 cc. or 1000 cc. Fifty or 
100 cc. are now pipetted off into a 600-co. beaker and the zinc 
titrated as usual. In case the metallic portion contains manganese, 
which is unusual, it can be separated by the regular procedure. 
Copper is separated as given under Copper-bearing Ores. Material 
containing cadmium should be analyzed by other methods, as given 
under Standard Procedure. 
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Interfering Substances. — The methods provide for the removal 
of interfering substances. Silica is removed by evaporation with 
hydrochloric acid or by taking to fumes with sulphuric acid. Evapo- 
ration with the latter acid gives silica that is easily filtered and 
washed. Cadmium, Lead, Arsenic, Antimony, Bismuth and Copper 
may be removed by precipitation as sulphides in solution of definite 
acidity in which zinc is soluble, or they may be removed by metallic 
aluminum as given in the methods that follow. I 

Iron, Aluminum and Manganese. — This separation may be 
effected by precipitation with ammonia and bromine, providing tlie 
quantities present are small. When large amounts are present the 
basic acetate procedure is followed, or, better, the zinc separated 
sulphide in dilute suli)hiiric acid solution, pages ()45, (Mb. 

Nickel and Cobalt. — When nickel or cobalt arc present, the only 
safe procedure is to separate the zinc as zinc sulphide in dilute sul- 
phuric acid solution, as described under the standard method. Weiss 
has shown conclusively that zinc can be jirecipituted free from either 
cobalt or nickel under the conditions there outlined. 
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GENERAL METHODS FOR DETERMINATION OF ZINC 
GRAVIMETRIC METHODS 


Weighing as Zinp Oxide 

In this case the jiroceduro is the same as in the volumetric method, 
in which zinc is separated us zinc sulphide up to the point wh(?re the 
zinc sulphide is filtered otf and washed. It is now ignited in a weiglied 
crucible and heated to 800-900° C. in a muffler for one hour and 
weighed as ZnO. Factor ZnO X 0.8(),‘14 = Zn. 

The precipitate of zinc suljdiide may also bo filtered on a (Jooch 
crucible, and ignited as above. 


Weighing as Sulphate 

The zinc sMphide is dissolved irt hydrochloric acid. Sulphuric 
acid is added and the solution evaporated in a w^'iglied crucible, all 
excess acid fumed off !ind tlie resulting zinc suljiliate finally ignited 
at a dull red heat and weighed. ZnSOi X .405 = Zu, 


Phosphate Method 

Proceed a.s follows, “ Remove the H 2 S group in the usual way. 
Boil off H.S, oxidize the iron by addition of HNO 3 and boiling. 
Precipitate iron and aluminum with NH 4 ('l and NH 4 OH, and filter off. 
Make filtrate faintlv acid with llCl and add 2 cc. excess. Now add 
a 10% solution of sodium or ammonium phos])hatc and heat to 
boiling. Add ammoma until the precipitate dissolves, tlipn make faintly 
acid with acetic acid and add 1 cc. in excess. Stir briskly (avoiding 
touching sides of the beaker with the stirrer) until the precipitate 
becomes crystalline. Allow to settle about 2 hrs. Filter on a Gooch 
crucible. Wash w^ith hot water, ignite and weigh as Z 112 P 2 O 7 . Multi- 
ply by 0.429 = Zn. 
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Electrolytic Method 

The determination is best made from an alkaline electrolyte or 
one slightly acid with acetic acid and containing a considerable 
amount of sodium acetate. The alkaline electrolyte tends to give 
high results, due to the presence of zinc oxide or hydroxide in the de-j 
posit. The best results are obtained with a solution weakly acid^ 
with one of the weaker organic acids. The procedure for the acetate 
electrolyte is as follows : 

The zinc is separated from other elements by precipitating with 
hydrogen sulphide in dilute sulphuric acid solution, as given under 
the standard method. The precipitate is filtered and washed, dis- 
solved in hot hydrochloric acid, 5 cc. of I : I sulphuric acid added 
and the whole evaporated to fumes to expel hydrochloric acid. Cool 
and dilute, neutralize with sodium hydrate solution, make slightly 
alkaline, then acidify with acetic acid, and add about 5 grams of 
sodium acetate. The volume qi solution should now^ be about 100 
to 125 cc. Electrolyze with a platinum gauze electrode with 0.5 
ampere at 5 volts: 

The electrolytic methods, on account of the special apparatus 
needed, the experience and care necessary to get reliable results, and 
the unavoidable errors involved in their use, are less desirable than the 
gravimetric oxide method and still less desirable than the ferro- 
cyanide method. 

With a rotating electrode using 3 amperes current and 2.5 volts 
depositing zinc over an electrode coated with copper about 15 minutes 
are required for deposition. The zinc may be dissolved free from 
copper by a 1 ; 1 HCl solution. 
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VOLUMETRIC METHODS FOR THE DETERMINATION 
OF ZINC 

The most accurate and generally used methods for the determina- 
tion of zinc are the procedures in wljich potassium ferrocyanide is 
used as a reagent for the titration of this element. Tlie principal dif- 
ferences of the methods are the modes of preparation of the sample 
for titration in the removal of interfering elements that form in- 
soluble ferrocyanides, and in the use of internal or external indicators. 
The two methods given here have been selected with considerable 
care, on account of their accuracy and proven value. The first is 
the standard method of the New Jersey Zinc (company, that was 
originally worked out by Dr. F. G. Breyer; the second is a rapid 
method recommended by Dr. A. H. Ijow. Both methods are extensively 
used. 

The following elements, forming ferrocyanides insoluble under the 
conditions of the zinc titration, interfere and should be provided for 
by either removal from the solution or by })recipitation in a form 
that does not react with the standard reagent, ^ mercury, silver, 
cadmium, bismuth, copper, aluminum, iron, cobalt, nickel, manganese. 

Most of the zinc ores are soluble in acids, the aluminates, how- 
ever require fusion with bisulphate of potassium. In the acid solu- 
tion silica is made insoluble by evaporation which prevents the forma- 
tion of zinc silicate. 

FERROCYANIDE METHOD, INTERNAL INDICATOR 

This method depends upon the separation of zinc from interfer- 
ing elements by precipitating as ZnS, in a sulphuric acid solution, 
under definite conditions of acidity, the elements of the H 2 S group 
having been previously removed. The method is of almost uni- 
versal application, and can be used on any class of zinciferous ma- 
terial. Copper and cadmium are easily separated and any zinc in 
the difficultly soluble state, e.g. spinels, etc., can easily be looked for. 
The method of decomposing (taking to fumes with sulphuric acid) 
tends to take into solution material that would be overlooked in the 
rapid decompositions effected in the usual methods. Moreover, the 
use of the internal indicator gives a very sharp end-point, so that 
this method is fully as accurate as any gravimetric method. The pro- 
cedure, though not rapid, is recommended for routine work where the 
analyst is called upon to make occasional zinc analysis on all classes 
of materials. 

The reaction with ferrocyanide And zinc may be represented as 
follows — 3ZnCl2 H- 2K4Fe(CN)6 = KzZna [Fe(CN) 6]2 + 6KC1. , 

Special Reagents. Standard Potassium Ferrocyanide, — This is 
made by dissolving 44 grams of R4FeCCN)8^3H20 in water and di- 
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lilting to 1000 cc. One cc. of this solution will precipitate approxi- 
mately 0.01 gram of zinc. Frequently a more dilute solution is de- 
sired equivalent to 0.005 gram of zinc, obtained by diluting the above 
solution with an equal A^olumc of water. A more dilute solution than 
this is not recommended. The solutions used by the New Jersey Zinc 
Company arc intermediate of the above strengths, e.g., 1 re. of the 
reagent being equivalent to 0.1)075 gram of zinc. 

Standardization. — Dissolve about 0.35 gram of zinc in a 150 cc. 
beaker with 10 cc. of hydrochloric acid (sp. gr.) 1.2. To the solution 
obtained add 13 cc. of ammonium hydroxide (sp. gr. 0.9), then make 
faintly acid with hydrochloric acid and add 3 cc. excess. Now add 
3 to 4 drops of ferrous sulphate indicator and titrate the zinc with 
the standard ferrocyanide according to the procedure given under 
Titration below. Divide the weight of zinc taken by the cc. of ferro- 
cyanide required and the result is the value of 1 cc. of the reagent. 

Iron Indicator. — One gram of ferrous sulphate, FeS 04 - 7 H 20 , con- 
taining 0.2 gram of Fe, is dissolved and diluted to 1000 cc. One drop 
or 1/20 cc. contains 0.01 milligrams of Fc. 3 to 4 drops are sufficient 
for a test. * * 

Procedure 

Solution of the Sample. — Such an amount of the finely ground 
(100 mesh) sample is taken as will contain approximately 0.2 to 0.5 
gram of zinc, e.g., 5 grams of 10% zinc or 0.5 gram of 60% zinc. 
Place tlie sample in a tall 150 cc. beaker, moisten with water and add 
10 cc. of strong liydrochloric acid. (If sulphides are present add also 
5 cc. of nitric acid.) Cover the beaker with a clock-glass and boil the 
solution for half an hour. Wash off the glass cover and sides of the 
beaker into the solution any material that may have deposited dur- 
ing the boiling. With a glass rod break up any cake that may have 
formed and then add 10 cc. of 1:1 sulphuric acid and evaporate to 
strong sulphuric fumes. Allow to cool. 

Removal of Metals of the Hydrogen Sulphide Group. — Add 40 
to 50 cc. of water and then about 1 gram of aluminum (0.05" mesh), 
cover the beaker and boil for about 15 minutes. The metals below 
aluminum in the electromotive series will be precipitated and iron 
will be reduced to the ferrous condition and remain in solution. 
Filter and wash with hot water. 

Removal of Cadmium. — (Omit this step if the amount of cad- 
mium is below 0.05 gram.) To the filtrate and washings add 5 cc. of 
1: 1 sulphuric acid and dilute to* 100 cc.* Pass in HjS gas for about 
15 minutes. Now add drop by drop ammonium hydroxide until a 
yellow precipitate, CdS, appears^ heat to near boiling (70° to 90° C.) 
and pass in H 2 S until no further precipitation occurs (10 to 15 rain- 
uteiJ. Filter through a fine-grained filter, and wash the precipitate 
twice with 8 to 10% sulphuric acid and finally four or five times 
with hot water to reco-^r any odfcluded zinc. 
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Isolation of Zinc as Sulphide. — Boil the filtrate and oombiriod 
washings to expel H 2 S. Add a few drops of methyl orange indicator 
and neutralize the free acid by adding a solution of potassium hy- 
droxide cautiously until the red color changes to orange yellow, now 
add drop by drop a solution of potassium carbonate until a yellow 
color is obtained. To this neutral soli\tion add 2 to 4 cc. of 5% sul- 
phuric acid (27.2 cc. of strong H 2 SO 4 per liter) per 100 cc. of solution. 
This acidity is important. (See notes.) Cool thoroughly. 

Pass in H 2 S into this cold solution rapidly (8 bubbles or more 
per second) for about 40 minutes. Zinc sulphide, ZnS, precipitates 
in an easily filterable form (if the solution is cold). Allow to s 6 ttle. 
Filter and wash six times with cold water. 

Punch a hole through the filter and wash the precipitate into the 
vessel in which the precipitation was made. Now add 10 cc. of HCl 
to about 100 cc. of hot water and pour over the tube used in con- 
ducting H 2 S into the zinc solution, directing the stream over the 
filter and catching the acid in the beaker containing the ZnS. Boil 
off H 2 S. 

Titration of the Zinc Solution. — Add 13 cc. of ammonium hy- 
droxide (sp. gr. 0.9), just neutralize with hydrochloric acid (litmus 
test) and add 3 cc. of HCl in excess, then dilute to 200 cc. Add three 
or four drops of ferrous sulphate indicator (0.03 to 0.04 milligrams 
of iron in sol.). 

Heat to near boiling and pour about one-fourth of the solution 
into a small beaker to hold as a reserve solution. Add the standard 
ferrocyanide to the main solution, stirring vigorously the solution 
during the addition; the solution turns blue and at the end-point 
with a slight excess of reagent appears a creamy white. When this 
point is reached pour in all but 5 to 10 cc. of the reserve solution 
and continue the titration until the end point is again reached, add J 
cc. excess of the reagent and wash in the remainder of the reserve 
solution. Continue the titration until the blue color 'fades to a pea 
green. This is the true end-point, one drop of the reagent causing 
the change. 

Multiply the cc. required by the value of 1 cc. of the reagent in 
terms of zinc and the result is the amount of zinc in the sample 
taken. 
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Notes 

Procedure with Material Containing Insoluble Zinc. — Proceed as usual 
up to point when*, the solution is Ia) bo reduced Filter off the silica and in- 
soluble material, wash with hot. wat(*r and pnxK'od with the filtrate as usual. 
Bum the insoluble residu(‘ in a |)lafinuin (Tiieibli', taking thi-i usual precau- 
tions in case lead is pres(;nt. Fume oil the silica with hydrofluoric and sul- 
phuric acids and fuse with acid potasMum sulpliate. Dissolve m water and 
sulphuric acid and [iroi'ccd as in the regular method. 'Pho solution may lie 
added to the main portion or titrated separately 

All the cadmium is separated, except about which does not inter- 

fere with the titration at the given acidity. 

End-point. — The change of color from blue to pea green is very sharp. 
It shoula be obsemid by looking dowm through the solution and not from the 
side. The change* in color may he explained as follows. 'Fhe ferroeyanide, 
having stood for throe or four weeks, has oxidized slightly to fcrncyamde, 
duo to dissolved oxygen m the water. '^I'he few’ tenths of a milligram of fer- 
rous iron addeni acts with this ferncyanide giving the ferro-ferricyanide blue 
as long as the ferroeyanide is not in exe-ess. \\’lien it is in excess the blue 
is decoinposeei and gives the colorless ferro-ferroeyaiiide. 

In (*-ase the ferreieyanide seilutit^n is freshly prepared, it is w’cll to add 
abeiut 300 milligrams of ferrieyanide to eaeh liter. 


Discussion on Separating Zinc as Zinc Sulphide and Titrating 
in Acid Solution 


Precipitation. — The me'thoel of previjatating zinc as siiljihielc in sulphuric 
acid seilutiem was inve-stigate'd by (1, \N’e*iss (Inaugural Diss(*rtat.ion, Alunclie'ns 
ItKXi), and the work confirinejd by F. (1. Hreyer. The main points eif Weiss’s 
paper are as follow^s' 

1. Sulphate seilutiems are preferable to ehloridiiS. An N/10 e*hloride 
solution is not compk*tely precipitateel by HaS. P’urthermore, the preeapi- 
tate of sulphide Irom IK ’I solution w hen (piantitative is not crystalline and 
easy to filter like that obtiuned from sulphate solution 

2. The conce/itration of a sulphate solution is without influence on the 
completeness of precipitation from N/10 down That is for solutions con- 
taining at most 4tX) milligrams of ZnO per 1(X) ce 

3. Sulphate solutions of 4(K) milligrams of ZnO per 100 ci^. may be N/lOO 
acid with HaSOj before beginning the precipitation. Even at acidity N/20 
before precipitation less than a milligram of zinc remains un precipitated. Ac- 
cording to Weiss, if the solution were dilutcfl hi 300 cc., 1.3 grams of H2SO4 
could bo added or ec. of 20 ^0 H2SO4, and still have the precipitation com* 
plete,. Even if as much as 10 cc, of 20 acid wc‘rc added the loss would still 
only a little more than I milligram Precipitating 300 milligrams from 100 cc., 
however, only 100 inilligriuiis or ^ cc. of 20 acid (*ould be added This 
means that when the solution becomes^ more acid than 550 milligrams of HgSO^ 
per 100 cc. the precipitation of Zn8 w’aaes. Knowing approximately the zinc 
content of a solution one can easily calculate, the ilaSOi freed when the ZnSOi 
is converted inte ZnS, and the difference; between 550 milligrams and this 
calculated H2SO4 is the amomit of acid that may lx; added when precipitating 
from 100 cc. of solution, For two hundred cc. of course more acid can be 
addeii, being the difference between 1,100 grams and the calculated H2SO4 
freed from the ZnSD4. One and one-half times the amount of Zn judged to 
be present is close enough f^r the H2SO4 freed. 
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4. The precipitation, undor the aoove Riven eunuituiun, 119 Ul\^VlJ.ll|J»/uu 
when a slow (jurrent of hydroRcn sulphide is used (about four bubbles fer 
second). One must work with as fast a stn^ani as possible without causing 
mechanical losses (at least eight hubbies jier second). Weiss is the first one 
to discuss this all-important question in the precipitation of ZnS. His ex- 
planation of the efficacy of the rapid stream of HaS is as follows: 

The precipitation takes place according to the following eiiuation: 

ZnS 04 + HaS i=s ZnS -t- II3SO4. 

Equilibrium is reached, i.e., the velocity becomes equal in both directions, 
luid precipitation (ieases when the amount, of HaS 04 per UK) c‘c. reaches a 
certain point, under a given set of conditions. Li't these conditions reiiiaiii 
exactly the same with the (‘.xceptioii of the HaS and have the active mass of 
that increased. The eiiuiLbriurn will be displaced from left to right and as a 
consequence ZnS will come down in the*, presence of more acid than before. 
HaS is not very soluble 111 water at room bmiperat.ure, but if one mtTcases 
the surfs, ce of contract between the two th(‘ HaS is dissolved much more rapidly 
and conseiiueiitly the mass of HaS active at any tune greatly men'.ascd. This 
is exact iy what is accomplished when the zim* solution is constantly kept 
full of bubbles of flaS. One can easily se(‘ how greatly incrtMised the mass of 
II3S would be in the i^xtixune case, when the solution is all foam. 

A strong, (;urr(‘nt of gas, bke that, called for above, will pnunpitate the 
usual amounts of zinc used in analytical operations in forty ininuti'S. 

6. At temperatures above 50" the precipitation is, incomplete'; further- 
more, at room temperature the ZnS comes down in a form suitabkj for filtnir 
tion. 

Weiss found that not only were the precipitations incomplete at high tem- 
jieratures, but the precipitate was finer and much more difficult to filter. 

7. Water only is reejuircel for w^ashing the precipitates. 
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'RAPID FERROCYANIDE METHOD FOR DETERMINING 
ZINC IN ORES* 

Outside Indicator 
Removal of Interfering Elements 

1. 0.5 gram of ore. 8-oz. Erlenmeyer flask. 5 cc. of HCl, 10 cc. 
HNOs. Boil gently almost to dryness. Remove from heat. Add 
12 cc. HNO3 and 5 grams (measured) of KCIO*. Boil gently just to 
dryness, finishing by manipulating flask (in holder) over free flame. 

2. Add 35 cc. of Extraction Solution and heat to boiling, boil- 
ing very gently until disintegration is complete. Now add 10-25 cc. 
of saturated bromine water, according as manganese contents appear 
low or high, as indicated by brown color of residue. 

3. Boil a minute or two longer and then filter through an 11 cm. 
filter containing a small moistened wad of absorbent cotton in the 
apex. Receive filtrate in a 400 oc. beaker. Wash out ‘the flask with 
hot water. Remove adhering residue with rubber-tipped glass rod, or 
dissolve it with a *few drops of HCl, then add 5 cc., or an excess, 
of NH4OH and rinse into filter, finally washing out flask several times 
with hot water. Now wash filter and residue 10 times with hot Wash 
Solution. 


Precipitation of H 2 S Group 

4. Add a little litmus solution to filtrate as indicator, stir and 
cautiously add HCl just to acidit 3 % then 3 cc. in excess. Dilute, if 
necessary, to 200-250 cc. with hot water and heat nearly to boiling. 
Now add 50 cc. of saturai^ed H 2 S water and then the hot liquid is ready 
for titration. 


Titration of Zinc 

5. Pour off about half the liquid as a reserve and titrate the 
balance until the end-point is passed. Use a spot-plate in which about 
2 drops of a 15% solution of uranium nitrate have previously been' 
placed in each depression. Transfer the zinc solution to the spot- 
plate with a glass tube instead of a rod, taking only a drop or two 
for each test, except for the final tests of the titration, when about 
i of a cc. should be taken. After the fi»st end-point is passed add 
a portion of the reserve and again pass the end-point. Repeat this, 
each time with more caution, unjil the reserve is reduced to about 
5 cc. Now titrate, 6 drops at a time, until the end is again observed, 
then^ipour the entire liquid, or mo.st of it, over the 5 cc. of the re- 
maining reserve and then back into the same beaker again and finish 

^*Method‘by A. H. Low. 
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the titration 2 drops at a time until the end-point, or brown tin^e, 
is plainly apparent. Head the burette. Allow a couple of minutes 
for the tests to fully develop and then deduct from the burette read- 
ing for as many tests as show and for 1 drop additional. Multiply the 
number of ce. of ferrocyaiiidc solution used by the percentage value 
of 1 cc. 


Reagents 

6. Extraction Solution. — 200 grams of commercial ammonium chlo- 
ride dissolved in a mixture of 500 cc. of strong ammonia and 750 cc. 
of water. 

TYasA Solution. — 100 grams of commercial ammonium chloride, 
50 cc. of strong ammonia. Dissolve and dilute to 1 liter. 

7. Standard Ferrocyanide. — K 4 Fe(CN) 6 , 21.6 grams to the liter. 
1 cc. = about 0.005 gram Zn, or 1 %. Standardize on about 0.2 
gram of pure zinc. Dissolve in 10 cc. of HCl. Dilute somewhat, neu- 
tralize as abo''ie, complete the dilution, heat and titrate precisely as 
described above. No filtration or H^S water necessary. 
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mDUSTRIAL PRODUCTS AND RAW MATERIALS 
SPECIAL METHODS 

Determination of Metallic Zinc in Zinc Dust 

Discussion. — There have be(‘.r) various methods proposed for de- 
termining the metallic zinc content of zinc dust. Most of these are 
based upon its reducing power. The latter may be determined by any 
one of many ways, although the results from different methods will 
not be concordant, due to the inaccuracies inherent with most of the 

methods. Potassium bichromate, iodate, 
f(‘rric sulphate, and iodine have been used 
for measuring the reducing power of zinc 
dust. Freseiiius also proposed dissolving 
the zinc dust in dilute sulphuric acid and 
after drying passing the hydrogen over 
heated copper oxide in a cornbustion tube, 
absorbing the water formed in a calcium 
chloride tube and weighing. 

There have also been methods devised 
based on the volume of hydrogen evolved 
when a sample of zinc dust is dissolved in 
dilute acid. Several investigators have 
concluded from comparative investigations 
that the gasometric determination of the 
hydrogen evolved gives the most consis- 
tently accurate results. The best arrange- 
ment of apparatus for carrying out this 
hydrogen evolution method is shown in 
Fig. 116. The time required for a deter- 
mination is about 1| hours. 

Procedure. — One gram of zinc dust is 
weighed and transferred as rapidly as 
possible to a small Erlcnmeyer flask Ay of 
100 or 200 cc. capacity, in which is placed 
a piece of sheet platinum about 1.5 cm. 

Fig. 116 square;. About 5 g. of clean unoxidized 

ferrous sulphate crystals are added on 
top of the zinc dust and the flask nearly^ filled with distilled water 
saturated at room temperature with hydrogen gas. 

The object of adding the sheet platinum and ferrous sulphate is 
to increase the rate of hydrogen* evolution by catalytic action. A 
furthgr reason for adding the ferrous sulphate on top of the zinc 
dust sample is to coagulate the latter as much as possible when it 
becomes wetted, and thi^ prevent •the floating of more than an un- 
appreciable amount of the samplfe. 
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The rubber stopper containing separatory funnel B and connect- 
ing tube C is tightly inserted into the neck of the flask. A little dis- 
tilled water is i)oured into B and the three-way stopcock in C turned 
to connect the flask with the downward outlet. Enough water is 
now run in from the separatory funnel to displace all the air in the 
flask and the connecting tube through the bore in its stopcock. The 
stopcock in C is now turned so that the downward outlet is in con- 
nection with the measuring tube D. By raising the leveling bottle /?, 
containing 10 per cent, sulphuric acid also saturated with hydrogen at 
room temperature, all the gas in D is displaced. The stopi^ock in 
C is now turned through 90 deg. so as to connect the decomposing 
flask A with the measuring tube Z>. The system is hence completely 
filled with liquid and ready for the generation of hydrogen. The 
measuring tube D has a total capacity of 400 cc. and is graduated 
from 250 to 400 cc. by 0.25 cc. 

Thirty cubic centimeters of 1:1 sulphuric acid are now poured 
into the separatory funnel. A small portion of this acid is allowed to 
run into the decomposing flask until a brisk but not too rapid evo- 
lution of hydrogen takes place. The acid, being much heavier than 
water, settles to the bottom of the flask and thS action commences 
immediately. The gas evolved, together with some solution and a 
very small amount of zinc, passes over into the measuring tube, dis- 
placing the acid there. When the action in the decomposing flask 
has slowed down, more strong acid is introduced until all has been 
added. During this time the acid in the measuring tube and flask is 
shaken so as to wash down the particles of zinc dust from the upper 
parts of the flask and tube now filled with gas. The particles in the 
measuring tube on coming in contact with the 10 per cent, sulphuric 
acid are readily dissolved and generate their portion of hydrogen. 

When all the zinc dust has been dissolved, water is run in from the 
separatory funnel to force the hydrogen over into the measuring tube 
and to fill the flask and connecting tube with water through the stopcock 
which is then closed. After leveling with the leveling bottle, the vol- 
ume of hydrogen generated from the 1-g. sample at the prevailing 
atmospheric conditions is read from the measuring tube. The per- 
centage of metallic zinc in the sample is then calculated from the 
following expression: 


Per cent, of Metallic Zinc 


VX {P - p)X 0.2919(1, 
(1 + 0.003670760, 


• 

in which V - volume of gAs in measuring tube at atmospheric condi- 
tions, P = barometric pressure, p = vapor tension of water above 10 
per cent, sulphuric acid at room* temperature, and t = room tem- 
perature. 

Necessary Precautions. — To obtain results of the highest ac- 
curacy, it is necessary when weighing out samples of zinc dust which 
are very finely divided, to keep tfle Jtime of#cxposure as small as pos- 
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sijble in order to minimize the oxidation that takes place with the 
oxygen of the air. It is also highly important when samples are to 
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Fig. 117. 

• 

be held, that they be kept in ground glass stoppered bottles, com- 
pletely filled, and sealed with paraffin or wax. 

The two variables most likely to affect the results are tempera- 
ture and barometric pressure. A change in the barometric pressure 
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is practically always extended over a reasonable length of time. A 
careful reading of the barometer when the volume of gas in tfte 
measuring tube is read will eliminate any error from this source. 
A temperature change, on the other hand, affects not only the volume 
of gas, according to Charles’ law, but also affects the vapor tension 
of water and hence the actual pressure of the hydrogen when meas- 
ured. 

. The rubber connection between the connecting and measuring 
tubes must be of heavy rubber and should be shellacked. 

The vapor tension of water is slightly lower above 10 per cent, 
sulphuric acid than above pure water, as shown in Fig. 117, and 
for accurate work should be used in place of the ordinary vapor 
tension tables. 

The result obtained should be corrected for any metallic im- 
purities, as Fe, Al, etc., which evolve hydrogen when dissolved in 
sulphuric acid. 
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DETERMINATION OF SMALL AMOUNTS OF ZINC 

The following method is applicable to samples containing 0.05% 
Zn or less. 

Procedure. — A large sample, 10 or 20 grams, is brought into solu- 
tion by the standard i)rocedurc, taken to fumes of sulphuric acid and 
the zinc precipitated as sulphide after separating groups 5 and 6 by 
the procedures given under Standard Method, filtered and dissolved 
in hydrochloric acid. The samj)le is now washed into a 100-cc. 
Nesslcr tube, 5 cc. of ferrocyanide added and the whole made up to 
the mark, mixed by pouring into a beaker and then back into the 
tube. A standard containing the same amount of acid is made up 
and a standard zinc chloride solution added until the turbidity of 
standard and unknown are the same. From the amount of zinc added 
to the standard tlio percentage can be calculated. The standard 
zinc solution is made up by dissolving C.P. zinc in hydrochloric acid 
and diluting so that 1 cc. is equal to 1 milligram of zinc. 
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ZIRCONIUM 

Zr, at.wt. 90.6; sp.gr. 4.16; m.p. 1700° C.; oxides ZrOa, ZrOa 

The dctermimxtion of zirconium is required in minerals, artificial 
gems, incandescent gaslight mantles, firebrick, enamels, glass refrac- 
tories and ferrozircon and various salts of the mineral acids. The 
chief source of zirconium is the mineral zircon (ZrSi 04 ) and its valu- 
able modifications as hyacinth. Zircon contains from 60 to 67% of 
ZrOo. 

The chief sources of Zirconium are the minerals Brazilite and 
Zircon. Brazilite is a hard amorphous Baddeleyite containing zircon, 
an unnamed zirconium silicate, iron, titanium, silica, etc., and having 
the empirical formula ZrOa. Zircon^is an ortho silicate of zirconium 
of the formula Zr 8 i() 4 , having 60% to 67% ZrO. The precious stone 
“ Hyacinth ” is a modification of Zircon. • 

Mineral. — Zircon^ ZrSi 04 , is a brittle, transparent to opaque, 
adamantine substance, colorless or gray, green, yellow to red or 
brown; streak white; hardness 7.5. Occurs generally in small, 
sharp cut, sipiare jirisms and pyramids, sometimes with large crys- 
tals, and in grains and lumps. 

DETECTION 

The zirconium having been brought into solution by one of the 
methods outlined below may be distinguished: 

( 1 ) By the addition of sodium phosphate to a slightly acid solu- 
tion. A white precipitate which is difficultly soluble? in hydrochloric 
acid is characteristic of zirconium. 

(2) By its solution in hydrochloric acid coloring turmeric paper 
orange. Titanium, however, colors it brown, and will mask the color 
due to zirconium; when both are present, hence it is necessary to 
reduce the titanium by the addition of a few pieces of zinc. Re- 
duced titanium does not color turmeric paper, but it oxidizes rapidly, 
hence the test should bo made as quickly as possible. Boric acid also 
produces a yellow color with turmeric paper, but both elements are 
met with in the same sarrqxle on very rare occasions only. 

(3) From. Titanium Hydrogen peroxide gives a white gelatinous 

precipitate of the hydrated peroxjde in neutral (sulphate) solutions 
and ammonium carbonate gives a white precipitate soluble in large 
excess. • 

(4) From Aluminum by the solubility of its carbonate in an ex- 
.cess of alkali carbonate and also t)y, precipitating with sodium iodate, 
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wjien a white flocculant precipitate of basic iodate is obtained from 
neutral solutions. The solution from ammonium carbonate if boiled 
precipitates the oxide, zirconia. 

(5) From Beryllium and Aluminum Caustic alkalies give a white 
precipitate insoluble in excess. 

(6) From Thorium Oxalic acid gives a precipitate soluble in ex- 
cess and hydrofluoric acid does* not give any precipitate. 

(7) From Glucinum by the insolubility of its hydroxide in am- 
monium chloride. Glucinum hydroxide dissolves readily in the re- 
agent. 

(8) Bead Test * By fusion with sodium carbonate in the oxi- 
dizing flame a bead is obtained, which when dissolved in boiling hydro- 
chloric acid, forms a voluminous precipitate on addition of sodium acid 
phosphate, if zirconium is present. Iron, aluminum, titanium, thorium 
and the rare earths have no influence on this test. 

(9) By spectroscopic methods. Zirconium shows lines of greatest 
intensity in the arc spectrum at 4687.9, 4739.6, 4772.5, 4815.8, and 
in the spark spectrum at 3999. ^, 4149.4, 4209.4, 4380J. 

^Biltz & Mefklenburg, Zeitscl. Angew. Chem. 1912, 25, 2110. 



METALLURGICAL ANALYSIS 


667 


METHODS OF ANALYSIS 
Preparation and Solution of the Sample 

A. Materials Containing a Large Amount of Silica 

Decomposition by Hydrofluoric Acid. — Viva grams of the fiuci^ 
powdered sample are treated in a large platinum dish with 50 cc. of 
HF and 50 cc. of H2SO4. When the violent action has ceased the 
solution is evaporated first on the steam bath to expel the HF and 
then on a sand bath till fumes of SOa are given off. The residue is 
taken up with water. This usually effects complete solution of the 
sample. If, however, an insoluble residue still remains, it is filtered 
off, washed with cold water, ignited in platinum, and fused with 10 
parts by weight of potassium acid sulphate. The cooled fusion is 
dissolved by boiling with 20% HCl. All the zirconium will now be 
in solution and may be determined as detailed below. Barium if 
present will remain insoluble and should be filtered out. 

Notes. Hetftin^ the mineral to dull Yedness and suddenly plunging into 
cold water enables zircon to be easily pulverized. 

If the KHSO4 fusion is extracted with dilute H2SO4 &nd boiled, the white 
basic sulphate, SZrOa SOs, is apt to form and remain in the residue. 

B. General Method for Minerals, Oxides, etc. 

Decomposition by Fusion with an Alkali Carbonate. — Two grams 
of the finely pulverized sample are fused with 10 grams of Na 2 CO* 
(free of sulphur) and J gram of KNOs in a large platinum dish. 
The melt is taken up in water and if manganese is present a few 
drops of alcohol are added to reduce the manganate to the man- 
ganous condition. The solution is filtered and the residue washed 
with dilute NaOH solution. The filtrate then contains all the silica 
as sodium silicate, while the residue contains all ^ the zirconium, 
barium, etc. The residue is dissolved in dilute H 2 Sb 4 and the zir- 
conium present determined as detailed below. 

C. A convenient method for the impure oxides, which as stated 
above now form one of the chief sources of supply of Zirconium 
metal, is to reduce the ore with carbon, either with or without the 
addition of lime, at the temperature of the electric arc. The in- 
fusible zirconium carbide is formed, while silica, if present is re- 
duced to the carbide also and at this temperature, being volatile is 
driven off. The zirconiunv carbide may be dissolved in warm aqua 
regia for analysis. 

D. Other Methods of Decompo^tion Which are Sometimes Used: 

Fusion with acid potassium fluoride. 

Fusion with caustic soda and spdium fluoride. 

• By^ long boiling with concentrated hydrochloric acid. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION 
OF ZIRCONIUM 

Salts of Zirconium 

“ A ” solutions containing zirconium are treated with 5 cc. of 
H 2 SO 4 and evaporated to fumes; taken up with cold water and di- 
luted to 400 cc. 

“ B ” dry salts are treated with 5 cc. of H 2 SO 4 and heated to 
fumes of SOii on a sand bath. The residue is taken up with cold 
water and diluted. 


Ores, Silicates, etc. 

The sample liavirig been decomposed by one of the methods out- 
lined and the zirconium being present in solution as sulphate the 
liquid is diluted so as to fulfill ijie conditions as set foyth below. 

t 

Determination as Phosphate 

To the acid solution sufficient H 2 O 2 is added to oxidize the tita- 
nium which may be present. (The solution is colored yellow by U 2 O 2 
when titanium is present.) A sufficient quantity of ortho-phosphate, 
(NH 4 ) 2 HP 04 is added to precipitate all the zirconium as phosphate 
(aluminum and iron are not precipitated in the presence of free acid.) 
If titanium is present and the color bleaches after a time, more H 2 O 2 
is added until the color is restored. (Any reduced titanium is carried 
down with the zirconium, phosphate.) The precipitate is filtered off, 
washed well with cold ammonium nitrate solution, ignited and weighed 
as zirconium phosphate, which contains 51.8% of ZrO-j. The solu- 
tion after precipitation should be allowed to stand several hours. 
Traces require ten to fifteen hours, while considerable amounts of 
zirconium require a shorter time of .settling on the steam bath for 
complete precipitation. 


Conditions for Accuracy 

The phosphate method for determining zirconium, originally de- 
signed by W. F. Hillebrand, requires certain conditions for accurate 
results in estimation of large quantities of zirconium. The following 
details are modifications of the procedure published by Nicolardot 
and Reglado worked out by G. E. F. Lundell and H. B. Knowles, 
U. S. Bureau of Standards. 

Af Volume of Solution. — From 25 cc. for small amounts (i.e., 
.0005 g. of ZrOa). 200 cc. for amounts ranging around 0.1 g. ZrOs* 

B. Acidity. — Twenty •per cent. H2SO4 by weight. 
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C. Hydrogen Peroxide. -Sufficient to keep Ti02 peroxidize/i ; 
10 cc. will do no harm. 

D. Precipitant. — Secondary ammonium phosphate in excess. From 
10 to 100 times the theoretical requirement as expressed by the ratio 
ZriPzCs, should be used. The large excess is desirable when small 
amounts of ZrOj are determined. 

E. Precipitation Conditions. 

1. Temperatvre. Cold or tepid, preferably 40 to 50® C. 

2. Time. Two hours for amounts of Zr02 in excess of .005 g. 
Six hours or longer for smaller amounts. 

F. Filtration. — Warm solution, decant as far as possible, to avoid 
clogging the filter. 

G. Washing. — This should be done with cold 5 ^(, NH4NO3, 
since the i)hosphatc is appreciably soluble in pure water. 

H. Ignition. — Ignite very carefully in a partially covered platinum 
crucible over a low flame until carbon is destroyed, then blast or 
heat over a Mekcr burner for 15 minutes. 


Determination as Zirconium Oxide 

With pure salts the zirconium may be precipitated completely as 
the hydroxide by the addition of ammonia, settling and finally ig- 
niting and weighing as the oxide, ZrOu. 


Determination as Zirconium Oxide in the Presence of Iron Oxide 

The aqueous solution of zirconium and iron free from other metals 
is treated with a slight excess of ammonia water and then boiled to 
remove the excess. The precipitated hy^lroxides are filtered off, 
washed with water, and dried at 105® C. The filtrate is evaporated 
to dryness, the residue taken up in hydrochloric acid and the solu- 
tion again precipitated as before. The combined precipitates which 
have been dried to constant weight in a porcelain crucible are 
cooled and weighed as Zr02-Fe20s. The oxides are then ground in 
a mortar, weighed into a platinum crucible and ignited to constant 
weight in a current of hydrogen. Only the iron is reduced to the 
metallic state, hence data are at hand for calculating the percentages 
of iron and zirconium. 
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ACIDIMETRY AND ALKALIMETRY 

The volumetric determination of a free acid or a free base may be 
accomplished with rapidity and accuracy by neutralization with a 
known quantity of standard base or alkali as the case may require. 
The point of neutralization or “ end-*point ” is ascertained by means 
of certain compounds called indicators, which hav* a different color 
in acid solutions than in alkaline solutions, the point of transition 
from one color to the other occurs at the point of neutralization. 
This end point may also be recognized by the electrometric method 
by measuring the change of potential that occurs with the change of 
concentration of the hydrogen ions in the solution. This potential 
change is usually large and abrupt at the end point.^ 

Indicators. — The change of color of indicators is attributed to a 
rearrangement of atoms in the molecule or to the fact that in certain 
cases the ions have different color than the undissociated molecule.® 
In making acidimetric or alkalimetric titrations it must be remem- 
bered that the choice of indicators is important. In titrating phos- 
phoric acid, for example, methyl orange and phenolphthalein indicate 
decidedly different end-points. This difference in indicators is shown 
in the table by Thomson* given on the following page. 

The acid in the indicator must be weaker than the acid which it 
is required to determine by its means. Methyl orange, for example, 
is a fairly strong acid, and is not sensitive to carbonic, hydrocyanic, 
boric, oleic acids; on the other hand, phenolphthalein, being an ex- 
tremely weak acid, is decomposed* by organic acids, H2CO3, etc., 

hence is of value in determination of these acids. 

• 

1 J. C. Hostetter and H. s! Roberts, J. Am. Chem. Soc,, 41, 1337 (1919). 

* Theory of indicators — Scientific Foundations of Analytical Chemistry 
by McGowan Waddell, J. Phys. Chem., 171, 1898. StiegUtz, J. Am, Chem. 
Soc,, 26, 1112, 1903; Am. Chem. J., 42, 116, lfK)9, Hewitt, Analyst, 33^ 85, 
1908. Noyes, J. Am. Chem. Soc., 32, 815, 1910. Thorpe Dictionary of Anplied 
Chemistry, Vol. 1, 34-37. 

» Volumetric Analysis, Sutton, Te^th Edition, page 44, R. T. Thomson, 
JiS.C., 1, 12, 432. . # 

• 661 
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I The numerals refer in the table below to the number of atoms of 
hydrogen displaced by monatomic metals, such as sodium or potas- 
sium, when the indicator shows the neutral point. 


Acids 

Methyl Orange 

j Phenolphthalein 

1 Litmus 

Name 

Formula 

• Cold 

Cold 

Hot 

Cold 

Hot 

Sulphuric 

H 2 SO 4 

2 

2 

2 

2 

2 

Hydrochloric; 

HCl 

1 

1 

1 

1 

1 

Nitric 

HNO 3 

1 

1 

1 

1 

1 

Thiosulphuric , 

■ HgCd, 

2 

2 

2 

2 

2 

Carbonic; 

0 

1 dll. 

0 


0 

Sulphurous 

H 2 SO 3 

1 

1 




Hydrosulphuric 
Phosphoric . . 

H 3 PO 4 

0 

1 

1 dll 

2 

0 

. 1 


0 

Arsenic 

H 3 ASO 4 

1 

2 




Arsenious . 

H 3 ASO 3 

0 

. 


0 

0 

Nitrous. . 

Silicic . . 

IINO 2 

indicator 
i destroyed 

1 


1 


H4Si()4 

0 



0 

0 

Boric 

II 3 BO 3 

• 0 



t 


Chromic ... 

112004 

1 

2 

2 



Oxalic . 

H 2 C 204 


2 

2 

2 

2 ” 

Acetic . . 

HC2ri302 


T 


1 nearly 


Butyric 

HCJIrCh 


1 


1 nearly 


Succinic 

H 2 C 4 H 4 O 4 


2 


2 


Lactic . 

HC 3 H 3 O .3 


1 


1 


Tartaric 

H2C4H4()fi 

, , 

2 


2 


Citric . 

ILCftHhOv 







There are two general classes of indicators; (a) Those highly 
sensitive to weak acids. In this class we have phenolphthalein, 
turmeric, rosalic acid. , (b) Those insensitive to very weak acids, 
such as carbonic, hydrosulphuric, boric acids. Among this list are 
methyl oranga, methyl red, laemoid, cochineal, iodeosine. These 
indicators are specially sensitive to bases. 
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Methyl orange, methyl red, phenolphthalein, lacmoid and litmui 
are the most commonly nsed indicators for acidimetry and alka- 
limetry. The following table shows the best conditions for tlie use 
of each: 


Indicator Condition of Solution * General Use in Titration 


Methyl orange. 

acids = rod 
alkalies = yellow. 


Methyl red. 

As above. 
Phenolphthalein. 

acids = colorl(‘ss 
alkalies ~ red. 


Litmus. 

.acids red 
alkalies = blue 


Lacmoid. 

In alcohol 
acids = r(*d 
alkalies = blue. 


C'old solution 
only. 


(k)ld solution 
only. 

C'old solutions. 


Hot solutions 


(k)l(l solutions. 


Hot solutions. 


Cold solutions. 


Hot solutions. 


Ilydrattis, carbonaU's, biearboii- 
ates, sulphides, arsenites, silicates, 
borates of sodium, potassium, am- 
monium, cialcium, magmisnim, ba- 
rium, etc. 

Espc(!ially ada])ted for titration of 
weak bases such as NILOH. 

Alkaline hydrates, the mineral 
acids, organic acids, c g., oxalic, citric, 
tartaric, acetic The indicator very 
sensitive to acids and adapted to ti- 
tration of wc‘ak acid — carlionic acid, 
etc 

•The indicator is st^nsitivc in hot 
solutions to th(‘ above It is gener- 
ally used in hot sfdutioiis for titration 
of aiuds combined with compara- 
tively weak bases. 

Hydrates of Na, K, NH 3 , Ca, Ba, 
etc. Silicates and arsenates of Na 
and K, HN() 3 , H2SO4, HCl and 
H2C2O4. 

Ill addition to the above neutral 
and acid carbonates of K, Na, Mg; 
the sulphides and silicates of Na, K. 

'Die alkaliiK* and alkaline earth 
hydrates, the arsenates, borates, min- 
eral acids^ many salts of metals 
which are acid to litmus and neutral 
to lacmoid, e.g., sulphates and chlo- 
rides of iron, copiier'and zinc, hence 
of value in determining free acids in 
their presence. 

In addition to the above, car- 
bonates and bicarbonates of K, Na, 
Ca, Sr, Bn, etc. 


In general, methyl orange, methyl red and lacmoid are especially 
sensitive to bases, but not so sensitive to acids and are not used for 
weak acids. Phenolphthalein is esi>ecially sensitive to acids and is 
of value in titrating weak acids. Litmus is commonly used as a test 
indicator (litmus paper) though with careful preparation, it is valuable 
for general acid and alkali titration.* ^ 
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• ULTIMATE STANDARDS 

Sulphuric and hydrochloric acids are generally used as the ulti- 
mate standard acids. Benzoic acid and other acids are also used. 

Sodium carbonate is the best of the alkali standards. This salt 
may be prepared in exceedingly pure form. It is generally used as 
the basic material for the volumetric standardization of the standard 
acid. 

Preparation of Pure Sodium Carbonate 

Bicarbonate of Soda made by the Ammonia-Soda process may be 
obtained in exceedingly pure form. The impurities that may be 
present are silica, ammonia, lime, arsenic, sodium chloride and sodium 
sulphate. With the exception of silica and lime the impurities may 
be readily removed by washing the bicarbonate of soda several times 
with cold water and decanting off the supernatant 
solution of each washing from the difficultly soluble 
bicarbonate. The washing is continued until the 
material is free from chlorine, as sodium chloride is 
the principal impurity, and its removal leaves an 
exceedingly pure product. The bicarbonate is dried 
between large filter papers in the hot air oven 
(100® C.). 

Standard Sodium Carbonate is made from this 
pure sodium bicarbonate by heating at 290° C. to 
300° C. in an electric oven. If a constant-tempera- 
ture oven is not available a simple oven may be 
improvised by use of a sand bath and a large 
beaker or a sheet-iron cylinder covered at the upper 
end as •shown in Fig. 118. A thermometer passing 

Fig. 118 . through this shield registers the temperature of the 
• material, within a large platinum crucible. This 
crucible rests upon a triangle, so that the bicarbonate is entirely 
surrounded by an atmosphere of comparatively even temperature. 

The sodium bicarbonate is converted to the carbonate. Con- 
stant weight will be obtained in about five or six hours. When the 
material no longer loses weight it is cooled in a desiccator and bottled 
for use, preferably in several small, glass-stoppered bottles. For ex- 
ceedingly accurate work the material is analyzed and allowance made for 
the impurities that may still remain. The error caused by any such im- , 
purities is so small that for all practical purposes it may be neglected. 

This purified sodium carbonate is the ultimate standard for acidi- 
metric and alkalimetric volumetrijf analysis. 

Note. — F. Sutton * states that sodium oxalate, prepared as recommended 
by Sjif?ensen, is a reliable and accurate standard for acidimetry. It is converted 
into sodium carbonate by moderate ignition. 

Sorensen. Analyst, A, ^7. Also 1903, 306. 

C. L. Higgins, J. S. C., If 1900, 19, 958. 

^ Volumetric Analysis. 
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PREPARATION OF STANDARD ACID 
Standard Sulphuric Acid 

Fifty-two per cent sulphuric acid is in equilibrium with the 
average moisture present in the air of the laboratory; acid of this 
concentration is recommended for the standard stock solution.^ 

Pure 94 to 97% H2SO4 is diluted with sufficient water so that its 
gravity is about 1.4200 (42.7® B^.). The acid is well mixed and 
poured into small clean and dry-stoppered sample bottles of about 
200 cc. capacity. The bottles arc carefully sealed and placed aside 
for use as desired. To determine the exact strength of this standard 
acid a portion is standardized against the sodium carbonate, pre- 
pared according to directions given. 

Method of Standardization. Procedure. — A catch weight of 
about 10 grams of the acid is weighed out in a weighing bottle or 
100-cc. beaker *(10 cc. = approximately 13 grams) and placed aside 
for titration,*'* The amount of sulphuric acid in the sample (weight 
of sample multiplied by per cent divided by 100)*is neutralized by 
1.0808 times its weight of sodium carbonate. As an excess of acid is 
necessary to drive out all the carbonic acid the following formula is 
used: (grams H 2804-0.05) X 1.080(8 = weight of Na2CX)3 reciuired. 

The required amount of sodium carbonate is weighed and trans- 
ferred to a 000 cc. Erleiimeyer flask and 100 (ic. f>f water added. The 
acid is carefully ])oured into the flask and the rinsings of the weigh- 
ing bottle or b(?aker added. The solution is boiled for 15 minutes 
to expel CO2. A small filtering funnel inserted in the neck of the 
flask prevents loss during the boiling of the acid and carbonate mix- 
ture. The (jxcess of acid is titrated with NA5 NaOH, using phenol- 
phthalein indicator, the caustic being added drop by drop until a 
faint permanent pink color is obtained. 

(The sulphuric equivalent to the NaOH added) -f (weight of 
NaaCOs X 0.9252) - weight of pure H28O4 present in the sample. 

Notes. — COy-free water should be taken in all titrations with phenol- 
phthalein. The indicator contains 1 gram of the compound per liter of 95% 
alcohol. One cc. of indicator of this strength is required for each titration. 

^ Ninety-three thousand pounds of sulphuric acid, with an exposed surface 
of 1260 sq, ft. and depth of 10 in., had decreased in strength from 86 jier cent 
to 52.12 per cent H2S04, after standing in a lead pan, protected from the rain, 
for 42 days (Sept. 9th to Oct. 2l8t, 1916). Air was bubbled through a two- 
liter sample of this acid for seven consecutive days, when the solution was 
tested and found to contain 52.18 per cent H2SO4. The average temperature of 
the laboratory was 74® F., the average vapor of the air (7 tests) was 0.2223 

S 'am of HaO per standard cubic foot. The average humidity for Septembe%and 
ctober was per cent; the average temperature 62® F. The average humidity 
for the past 33 years was 72 per cent; average teinperaturo 57° F, 

* * also Introduction $ 6, pages 5-6,* ' 
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Results should agree to within 0.05%. 

• The temperature of the aeid should be observ(id at the time of standardiza- 
tion and this noted with results on the bottles containing the standard samples. 
The coefficient of expansion is .00016 + per degree F. risen in temperature or 
.000293 per degree C. per cc. of solution. 


Normal Sulphuric acid contains 49.043 grains of 112804 jjer liter 
of solution. To make a litei* of the normal acid the amount of the 
standard acid required is calculated by the formula 


100 X 49.043 

per cent of 11 >80 4 in standard 


grams of standard acid necessary. 


The acid is weighed out in a small lieaker, a slight excess being taken 
(0.1 gram). The acid is w^ashed into a liter flask and made to volume. 
An aliquot portion is standardized against the standard sodium car- 
bonate. The solution may now be adjusted to the exact strength 
required. 

Example. — If 25 cc. of the acid is found to contain 1.25 grams of 
H2SO4 we find the amount of dtlilution required as foHows: 25 cc. of 
N/1 H28O4 should contain 1.226075 grams, therefore 


1 .22()075 . 25 . 1.25..r, and x 


25 X 1.25 
1.226075 * 


Then x minus 25 = the amount of water requiued for 25 cc. Total 
dilution = dilution for 25 multiplied by the volume of acid remain- 
ing in the flask divided by 25 = cc. water required to make a normal 
acid solution. 

Fifth normal and tenth normal acids may lx* prepared by 
diluting the normal acid to give five or ten volumes as the case 
requires. , 

Gravimetric Methods. Precipitation as BaS 04 . — Sulphuric acid 
may be standardized by jirecipitating as BaS04 according to the pro- 
cedure given for sulphur. Ba804 x 0.4202 = H2SO4. 

Determination as (NH4)2S04 . — To 10 cc. of the acid diluted to 
50 cc. in a large platinum dish is added NH4OH until the acid is 
neutralized and a faint odor of ammonia is perceptible. The solution 
is evaporated to dryness on the water bath and dried at 100° C. for 
half an hour. The residue is weighed as (NH4)2804. (NH4)2S04 X 

0.7422 = gram of H28O4. 


Standard Hydrochloric Acid 

This acid is occasionally preferred by chemists to sulphuric acid 
as ^ standard. At the constant boiling-point, with pressure of 760 
mm., hydrochloric acid has a definite composition of 20.242% HCl. 
For every 10 mm. increase in pressure the percentage drops .024% 
and for every 10 mm. decrease in firessure the percentage rises .024% 
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HCl. Advantage is takcni of this fact in the preparation of standard 
hydrochloric acid. Strong, pure HCl is distilled, the lirst 25 or 30 cc. 
being rejected. The distillate is bottled in 200cc. glass-stoppered 
bottles and sealed, a portion being reserved for standardization. The 
acid is best standardized against sodium carbonate, using the formula, 
Weight of HCl (weighed for analysis minus 0.05) X 1.4533 = Na^COs 
required. As in case of H2BO1 the Na-itX).-} is weighed out, placed in 
an Erlenmeyer flask with the acid and boiled to expel CO2. The 
excess of H(3 is titrated with standard caustic. N/5 NaOH = 
0.0072836 gram of HCl per cc. 

The exact weight of Na2C03 X 0.6881 = HCl. To this add HCl 
obtained by NaOH titration = total HCl in the sample taken. 

The exact amount of H(3 being known, normal acid contain- 
ing 36.468 grams HCl per liter may be made, and by diluting further, 
fifth normal and tenth normal acids obtained. 

Gravimetric Determination of Hydrochloric Acid by Precipitation 
as AgCl. — Hydrochloric acid may be standardized by precipitation 
with silver niti^te solution by the pj'ocedure for determination of 
chlorine. AgCl X 0.2544 = HCl. It is* advisable to heat the sample, 
diluted to a convenient volume, and add the hot silwfr nitrate in slight 
excess of that recpiired by HC3, the amount of the reagent being cal- 
culated, e.g., mol. wt. of HCl: mol. wt. of AgNO.jiiWt. of HCl in 
sample : x. 


Benzoic Acid Standard 

Benzoic acid may be obtained in exceedingly pure form by melt- 
ing the resublimed acid in a covered platinum dish in a constant- 
temperature oven, at a temperature of 140° C. The acid is poured 
into test-tubes, cooled and the sticks bottled for use. The acid does 
not take up moisture to any appreciable extent, even when exposed 
to the air for some time, so that it may be weighed without danger 
of absoriition of moisture. 

Standard Caustic Solution 

Standard normal sodium hydroxide is made by dissolving ap- 
proximately 50 grams of NaOH sticks with 1 to 2 grams of Ba(OH)2 
in 200 to 300 cc. of water and diluting to 1000 cc. The caustic 
is standardized against normal H2SO4J using phenolphthalein indicator. 
The solution is adjusted to the exact strength desired by addition of 
distilled water. 

Note. — The addition of Ba(OH)2 is* made to precipitate the carbon|te 
in the caustic, as this would interfere with titrations in presence of phenol- 
phthalein. As the presence of barium would produce a (doudinesa with 11^04 
it is advisable to add only an amount sufficient to precipitate the carbonate. 
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. STANDARD BURETTES 

Burettes used for this work should be carefully checked for 
accuracy of delivery. 

For accurate titration of acids or alkalies it is advisable to have a 
titration, of 75 to 100 cc. Since the straight 100 cc. burette if gradu- 



ated to twentieths of a cc. would be too long for convenient han- 
dling, the chamber buret^te is used^ The chamber located in the upi^r 
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portion of the apparatus holds 75 cc., the lower portion drawn out 
into a uniform-bore tube is graduated in twentieths of a cc. Each 
tenth of a cc. has a mark passing entirely around the tube so that 
there will be no error in reading, the eye being held so that the mark 
appears to be a straight line drawn across the tube. The burette is 
enclosed in a large tube filled wuth distilled water and carrying a 
thermometer. The burette is connected, by means of an arm at the 
base, with a reservoir of standard acid. The cut, Fig. 119, shows 
the apparatus connected ready for use. 

For class work the 50 cc. burette shown in Fig. 120 is convenient. 

If vapor is lost from the standard reagents and this replaced by dry air, 
as in the common ])ractice, the solution gradually changes in strength. A 
simple device is shown at the top of Fig. 115, which overcomes this difficulty. 
The air drawn into the reagent bottle is purified and saturated with moisture 
by passing it through sodium hydroxide. A mercury valve relieves the pres- 
sure if expansion of air in the reagent bottle occurs due to rise of temperature. 

Titration of Acids and Alkalies 

• (I 

In the acid titration the sample is conveniently Utrated in a white 
porcelain casserole. This gives a white background that enables the 
analyst to see the end-point. The caustic is run into the acid, to 
within a few cc. of the end-point, rapidly and then cautiously to a 
faint change of color — faint pink with phenol phthalein or an orange- 
yellow with methyl orange. Phenolphthalein is generally preferred for 
acid titrations. COrfree caustic and water should always be used. 
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METHODS OF WEIGHING ACIDS 


Dilute Acids Non-Volatile under Ordinary Conditions 


Dilute acids may be weighed directly in a beaker, weighing bottle 
or ordinary j)ipette (see directions given later) by measuring out the 
approximate amount desired. Since a burette reading from 75 cc. to 
100 cc. should be used for this work it will be necessary to take such 
an amount of the acid as will require a titration between these ex- 
tremes. Tliis may be accomplished by taking the specific gravity of 
the acid and referring to the table for the ai>proximate strength. 
From this the volume necessany may readily be calculated. 

Example. — The case will be taken where a 75 cc. to 100 cc. 
burette is being used and the titration is to be made with normal 
caustic solution, the acid titrated being sulphuric acid. The capacity of 
the burette is 75 X 0.049 = 3.675 grams of H2SO4 to 100 X 0.049 - 4.9 
grams of H2SO . (For HCl the capacity would be 2.74 to 3.65 grams of 
HCl and for HNO 3 it would be 4.73 to 6.3 grams of IINO 3 .) 

Suppose the sulphuric acid has a sp.gr. of 1.1600. From the table 
for H2SO4 we find that this acid is 22.25% H2SO4, then 1 cc. con- 
tains 1.16 X 22.25 divided by 100 = 0.2581 gram H2SO4. Since the 
capacity of the burette is 3.675 to 4.9 grams H2SO4, we must weigh 


between 


3.675 

.2225 


to 


4.0 

,2225 


grams of the acid ; 


to get this we should take 


3.675 4,9 

.2581 .2581 


cc., that is to say, 14.5 to 18.5 cc. of the acid, which 


will weigh 16.8 grains to 21.5 grams. 


Weighing Strong Acids, Fuming or Volatile under Ordinary 
Cdnditions 

The acid must be confined d\iring weighing and until it is mixed 
with water or standard caustic. The best forms of apparatus in- 
clude the following: — 

•Lunge-Ray Pipette. — The pipette is shown in Fig. 121. Two 
glass stop-cocks confine the acid in a bulb. The lower part of the 
pipette is protected by a ground-on test-tube. The dry pipette is 
weighed. Cock 2 is ckised aqd ' 1 opened and a vacuum produqed 
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in the bulb by applying suction at the upper end of pipette andt 
closing stop-cock 1 with suction still on. The sample may now be 
drawn into the pipette by immersing the lower end in the sample 
and opening the stop-cock 2, the vacuum producing 
the suction. The increased weight = acid drawn in. 

The pipette is emptied l>y running the acid under water. 

Dely Weighing Tube. — This form of weighing tube 
has proven to be of exceptional value, to the busy 
works-chemist, in the analysis of oleum and mixed acids. 

Both speed and accuracy are gained by its use. The 
apparatus, shown in the cut below, consists of a long 
glass tube of small bore, wound in a spiral coil. Fig. 122. 

The sample of acid is drawn into the weighed coil 
by applying suction through a rubber tube attached to 
A and drawing in the required amount of acid, a mark, 
ascertained by a previous run being made, indicating the 
point to which the acid is drawn. The tip B is care- 
fully wiped off* with tissue jiaper and the tube and 
sample weighed. The weight of the tube deducted ^ives 
the weight of the sample. 

The apparatus is now inclined so that the acid runs 
back into the crook at C to a point marked on the wall ^ 
of the tube, in order to expel as much air as possible 
from this end. A rubber tube filled with water is Pipcittc. 
attached to A, the other end of the rubber tube being 

connected to a bottle containing 
distilled water. A glass bead, such 
as is used in rubber-tipped burettes, 
fitting snugly^ in this tube, regulates 
the flow of water. The Dely tube is 
now inverted, the tip Ijoing immersed 
in 150 cc. to 200 cc. of distilled water 
in a 4 in. casserole — Fig. 122. By 
pressing gently on the bead, water 
is slowly admitted to the tube, forc- 
ing the acid before it. The acid and 
water are separated by a bubble of 
air. , Before forcing out the last half- 
inch of acid, the tube connected to 
the* water supply is disconnected 
and the weak acid from the casse- 
Fia. 122. Dely Weighing Tube drawn back into the Dely tube 

in Operation. for ’two or three inches, then ag^iin 

the acid is almost entirely expelled 
by water from the reservoir and the procedure repeated. This if to 
absorb the SO3 gas that invariably is present in the bubble of air 
atfbve pientioned, which would be lost if foi1;ed out directly by the 
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Fia. 123. 
Snake Tube. 


♦water column. In order to facilitate this last step it is well to have 
a short rubber tube attached to the Dely tube, and a glass tip in 
the tube connected with the reservoir of water. The 
acid in the casserole, upon washing out the Dely 
tube, is titrated with standard caustic according to 
the procedure .for titration of acids. 

The tube is dried after washing with alcohol, fol- 
lowed by ether, by heating on an asbestos mat on a 
hot plate, dry air being aspirated through. 

Snake Weighing Tube. — The snake tube is a 
simple device that may be easily made by an amateur 
glass-blower. It is made out of a glass tube 8-10 ins. 
long, slightly thinner than a lead pencil. One end of 
the tube is drawn out to capillarity. The tube has a 
double bend, as shown in the illustration. It is so made 
that it rests on the double bend with the ends inclined 
upward to prevent t!.e outflow of the acid. Fig. 123. 

The tube dried with alcohol," ether and air 
treatment, as in 
case of the Dely tube. After 
weighing the empty tube, acid is 
drawn into it by suction through 
an attached rubber tube. The 
capillary end that is dipped into 
the sample is wiped dry with tis- 
sue paper. The acid and tube are 
weighed and the acid estimated by 
difference. 

The acid is run into 150 cc. of 
water in a casserole, the flow being 
regulated by^ the index finger 
pressed against the larger end of 
the tube. With careful regulation 
of the flow, practically no bump- 
ing occurs. With a small capillary 
opening it is not necessary to place 
the finger over the larger end of 
the tube as the acid flow will ^be 
slow. The tube should be kept in 
motion to prevent bumping from 
overheating any one portion. Kick- 
ing back of the acid indicates that 
th^ capillary end of the tube is tbo 
large. When the contents of the 
tubi have run out, the tube is 
rinsed by sucking up some acid from the casserole and allowing it to 
run out, repeating seveAil times. Suction may be applied by, meahs 



Fig. 124. Burkhard Graduated 
Weighing Burette. 
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of a rubber bulb attached to the tube. The acid is now titratec^ 
with standard caustic, using phenolphthalein indicator. 

Burkhard Graduated Weighing Burette. — This apparatus, de- 
signed by W. E. Burkhard, is used for weighing acids or other liquids. 
The form for general use is shown in Fig. 124. The burette is gradu- 
ated in half cc. divisions, from 0 to 20 cc. An apparatus half this 
size is used for oleum, where a 2 cc. sample is sufficient for a deter- 
mination. For the purpose of running the sample under water a 
capillary tube (^, Fig. 124), with ground joint, is attached to the 
burette. This tube is placed in the solution during titration. The 
burette is provided with a glass vented stopper (A) on the top, and 
a glass cap for the tip, both having ground joints, to prevent escape 
of fumes from the sample. 

W. W. Scott has modified the apparatus by replacing the fragile 
cap (A) by a tube stopper with capillary vent (sec A', Fig. 124). 
The vent to the air is opened or closed by a slight turn of this 
stopper. By means of this tube acid may be drawn into the burette 
according to th« Lunge-Ray pipette procedure. With these burettes 
a man can control his work very accurately and save a great amount 
of time, both in weighing and manipulation. * 

In the analysis of strong oleum, about 50 grams of neutral Glauber 
salt are placed in a casserole containing water, and the fuming acid 
allowed to flow under the undissolved salt. The violent reaction of 
the acid with w’ater is thus avoided. The tube E, Fig. 124, should be 
made of fused silica. 

The glass-bulb method is still used for analysis of strong oleum. 
The acid weighed in a sealed tube of known weight is mixed with 
water by breaking the bulb in a stoppered bottle containing water, 
the acid is cooled and titrated as usual. 
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INORGANIC ACIDS 
ANALYSIS MURIATIC ACID 

(Commercial Hydrochloric Acid) 

Total Acidity and Hydrochloric Acid 

The usual titration witli standard caustic gives the total acidity, 
including, in addition to hydrochloric acid, nitric and sulphuric acids 
which may occur in liie commercial product. The acidity due to these 
acids is deducted from the total acidity to find the actual HCl in 
the muriatic acid. 

A catch weight, 10 to 15 grams of the acid, is weighed in a weigh- 
ing bottle, or a large snake tube, or the Dely tube, as* in case of oleum 
analysis, and the acid allowed to mix witli water in a casserole; 
methyl-orange inditaitor is added and the acid titrated with standard 
normal caustic solution, the red (iolor fading to a lemon-yellow. A 
fraction of a drop of the alkali will cause the change when the end- 
point has been reached. 

One cc. N/1 of NaOH = 0.03647 g. of HCl. 

Note. — Hydrochloric acid may be determined gravimetrically by pre- 
cipitating the chloride with silver nitrate — HCl + AgNOa = AgCl + HNOa, 
or by the volumetric methods for the determination of chlorine. See Chlorine. 


Sulphuric Acid in Hydrochloric Acid 

Free H 28 O 4 . Fifty cc. of the sample as evaporated in a platinum 
dish (steam bath) to dryness or until the HCl has been expelled. A 
few drops of water are added and the material again taken to dry- 
ness (steam bath). The residue is taken up with water and titrated 
with N/10 of NaOH, using methyl-orange indicator. One cc. = 
0.0049043 gram of H 2 SO 4 . 

Multiply the H 0 SO 4 found Jiy 0.7436 and deduct from the total 
acidity above to obtain the acidity due to HCL 
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Determination of Specific Gravity 

Control tests for strength of the common inorganic acids are 
generally made in the plant by means of the hydrometer. This in- 
strument depends on the fact that when a solid floats in a liquid, 
the weight of the liquid displaced is equal to the wciglit of the float- 
ing body. The hydrometer is a cylindrical instrument, generally 
with a spherical bulb, weighted with lead shot or mercury. It has a 
narrow stem with giaduations, which indicate the gravity. The in- 
strument floats vertically, after displacing its own weight of solution 
in which it is placed. The instruments are adapted for varying 
gravities extending over a range of ten to twenty divisions. 

By means of specific gravity tables one is able to obtain qui(^kly and 
with fair degree of accuracy the strength of the acid or alkali. 

Consult tables in “ Standard Methods of Chemical Analysis,” Scott; 
or D. Van Nostrand’s Chemical Annual.” 

The following precautions should be observed in making hydrom- 
eter tests : 

1. The hydrometer should be clean and dry, and at the tempera- 
ture of the liquid, before immersing to make a reading. 

2, The vessel in which the ol)servation is made should be of 
clear glass of suitable size and shape, to allow the hydrometer to 





Fig. 12.5. TfydromctiT, 


float freely (about f inch greater in diameter than the hydrometer 
bulb) and of sufficient height to enable full reading of the hydrometer 
(i.e., height greater than the length of the hydrometer). 

3. The liquid should be" thoroughly mixed by means of a stirrer 
reaching to the bottom of the vessel. There should be no air bubbles 
in the liquid or clinging to the sides of the vessel or the hydrometer. 

4. The hydrometer is slowly immersed in the liquid, slightly be- 
yond the point where it floats and is then allowed to float freely. 

5. The reading is made with the line of vision horizontal to the 
plane and as near as possible to this.* The point is taken where this 
surface line cuts the hydrometer scale. 

6. The temperature of the liquid is taken before and after the 
reading and allowance made for variation of the temperature from 
standard conditions as indicated in tjie tables. 


References. - Cir. 16, 4th edition, Feb. 23 1910, U S Bureau of Stances. 
Subhuric Acid Handbook by Thos. J. Sullivan, McGraw-Hill Book p. 
Thorpe’s Dictionary of Applied Chemistry, pp. 103-114. Longmans, Green 
and Co. • 
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ANALYSIS OF SULPHURIC ACID 

The importance of sulphuric acid to the metallurgist makes its 
inclusion in this work desirable. Method.s for the analysis of hydro- 
fluoric, hydrochloric and nitric acids are given in the author’s work, 
Standard Methods of Chemical Analysis. 

Sulphuric acid made by the contact i)rocess is exceedingly pure, 
the principal impurity being iron, which causes turbidity in strong 
acid. The acid made by this process is of 99 % strength. This is diluted 
to 66 ® (93.19% H2SO4) and is known as oil of vitriol. The acid 

is also commonly marketed as 60® B 4 acid (77.67 % H2SO4) and 50® 
B 6 acid (62.18% H2SO4) obtained by further dilution of the stronger 
acid. 50® B 6 acid is also obtained by the chamber process; this acid 
is not as pure as that produced by the contact process. The impurities 
, occurring in sulphuric acid are iron, lead, copper, zinc, antimony, 
selenium, arsenic, sulphur dioxide, hydrochloric acid, hydrofluoric acid, 
nitric acid. 

Sulphuric acid up to 93 %* strength may be determined with a 
fair degree of accui'acy by ascertaining its specific gravity by means of 
a hydrometer and referring to the tables on sulphuric acid. 

Sulphuric acid readily absorbs SO 3 so that its acidity may be con- 
siderably over 100%. This acid, commonly known as oleum, fumes 
.when exposed to the air due to its low vapor tension, the SO 3 com- 
bining with the moisture of the air with formation of H 2 SO 4 mist. 

Procedure for Titration with Standard NaOH. — Concentrated sul- 
phuric acid absorbs moisture rapidly so that the weighing should be 
made quickly, the acid having been placed in a special closed recep- 
tacle as recommended on page 670. Such an amount of acid is taken 
as will require a titration that can be read on the chamber burette 
used. For example if normal caustic is used and the chamber burette 
reads from 75 icc. to 100 cc. the acid should contain from 3.7 grams to 
4.9 grams of H 2 SO 4 . The acid is added to C 02 -free distilled water, 
preferably in a porcelain casserole, 1 cc. of 1 % phenolphthalein added 
and the titration made to a faint pink color with standard NaOH. 
It is advisable to titrate the acid using methyl orange if the presence 
of CO 2 is suspected in the water. Some chemists prefer the use of this 
indicator. It is a common practice to standardize the acidimetric and 
alkalimetric reagents in presence of methyl orange and phenol- 
phthalein in separate titrations, recording factors for each. 

The temperature of the titrating alkali should be noted and a cor- 
rection of 0.032 cc. be made for each degree deviation from the tem- 
perature at which the reagent ,was standardized. For each 1® C. 
ths^t the temperature is above that at standardization subtract this 
corijection, and add this for each degree the temperature is below 
that at standardization. 

(cc. titration X H 2 SO 4 yalue per cc. X 100 -r wt. of sample * % H 2 SOf,) 
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ALKALIES 

ANALYSIS OF SODIUM HYDROXIDE 

C()mmcrcial caustic soda, pureliased in blocks packed in iron 
drums, should be sampled with care. The hydroxide sets first on the 
outside, so that the impurities segregate towards the core of the block. 
In order to get a representative sample different sections of the block 
should be tapped. The material takes up moisture and carbon 
dioxide from the air, so that the surface of the sample should be 
removed before weighing. The weighing and dissolving of the 
sample should be done as rapidly as possible. 

Procedure 

Ten grains of the hydroxide are dissolved in water and the solu- 
tion made up to exactly 500 cc. Aliquots of this *80101 ion are taken 
for the following determinations. 

Total Alkali. — Fifty cc. of the caustic solution, equivalent to 1 
gram of the solid, are titrated with N/l H2SO4 in presence of methyl- 
orange indicator, until the faint pink end-point is obtained. 

1 cc. N/l H2SO4 = .031 grams of NaaO (total alkali actual). 

Note. In the New York and Liverpool test N/l H2SO4 value is .032 g. 
NaOH per cc. 

Sodium Hydroxide. — Fifty cc. of the saijiple is treated with 100 
cc. of 10% BaCL solution and the NaOH then titrated with N/l H2SO4 
in presence of i)henolphthalein. , 

1 cc. of N/r H2SO4 = .04 gram of NaOH. 

Sodium Carbonate. — Multiply the difference between the total 
alkali titration and the titration for NaOH by .053 and the result is 
grams of Na2C03. 

Alternative Methods. Sodium Hydroxide and Sodium Carbonate. 

— Carbon dioxide is readily picked, up' by NaOH, forming sodium 
carbonate, so that it is invariably present in caustic soda. The car- 
bonate and hydrate may be detetmined in the same solution as 
follows : 

Fifty cc. of the sample, equivalent to one gram of the solid, 
are titrated with normal H2SO4, *in presence of phenolphthalpin, 
until the pink color just disappears. This occurs when all of the 
sodium hydroxide is neutralized and the carbonate has been Con- 
verted to bicarbonate. This titration may be recorded as cc. A. 

• • « 
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Methyl orange is now added and the titration continued until the 
yellow color changes to pink. This titration is recorded as cc. B. 

Then NaOH * (A - R) x 0.04 and NajCOa = 2R X 0.053. 

Determination of Strength of Caustic Liquors by the Hydrometer 

The specific gravity of the liquor is taken by the hj’^drometer ex- 
actly as in case of acids. The strength of the liquor is ascertained by 
reference to the table on Sodium Hydroxide. See “ Standard Methods 
of Chemical Analysis,” or Van Nostrand’s “ Chemical Annual.” 
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POTASSIUM HYDROXIDE 

Analysis of potassium hydroxide is similar to that of sodium 
hydroxide. The following molecular weights will bo of use in the 
calculations ; 

KOH = 56.11; K 2 CO 3 = 138.21; KCI - 74.5G; K 2 AI 2 O, 196.4; 

KoSiO, - 164.5. 

Determination of Sodium Bicarbonate and Sodium Carbonate 
in Presence o One Another 

Five grams of the sample are dissolved in CO> free water, and the 
solution made up to exactly 250 cc. in a measuring flask. Aliquot 
portions of 25 cc., equivalent to 0.5 grain, are taken for analysis. 
The sample taken is titrated with N/5 hydrochloric acid in presence 
of phenolphthalein indicator (2-3 drops). The cc. titration, recorded 
as “A ”, represents one-half of the sodmm carbonate present. Methyl 
orange indicator is now added (2-3 drops) and th% titration witli the 
acid continued until the solution turns faintly pink. The remaining 
carbonate and all of the bicarbonate are now titrated. The cc. 
titration is recorded as B. 

2 A X 0.0106 = Na-iCOa and B - A X 0.0168 - NallCOs. 

The author desires to acknowledge his indebtedness to Dr. W. B. 
Hicks, Chief of the Analytical Department, The Solvay Process Com- 
pany, for his review of the section on Alkalies. 
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ANALYSIS OF AQUA AMMONIA 

The per cent ammonia in a solution free from other substances 
may be determined with a fair degree of accuracy by determining the 
specific gravity of the solution by means of the hydrometer. Since 
the specific gravity of a(p]a ammonia is less than 1, hydrometers 
graduated for measuring liquids lighter than water are used. The 
formula for 1 degree Baume = (140/sp.gr.) = 130. Reference is made 
to the table on Aqua Ammonia. 

Provided no other l)asic constituent is present, free ammonia in 
solution is best d(‘tenniiio<l by direct titration with an acid in presence 
of methyl orange or methyl red as indicator. 

Procedure. — Almut 10 grams of the solution in a wTjghing 
bottle with glass stopper is introduced into* an SOO cc. li^rlenmeyer 
flask containing about 200 cc. of w'ater and sufficient half normal sul- 
phuric acid to combine wdth the ammonia and about 10 cc. in excess. 
The flask is stoi)j)ercd and warmeej. gently. This forces out the 
stojiper in the weighing liottle, the ammonia combining* with the acid. 
Upon thorough mixing, the solution is cooled, and the exems of acid 
is titrated with halt normal caustic. 

One cc. ^ N. H2SO4 = 0.0085 gram of NH3. 

Factor. HoSO, x 0.3473 = NH3. 

Note — The aqua ammonia exfwsed to the air will lose ammonia, hcncc 
the sainph' Hhonld be kept stoppered. This loss of ammonia is quite appreciable 
in strong animoniacal solutions. 
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VOLUMETRIC ESTIMATION OF FREE ACID IN PRESENCE 
OF IRON SALTS 

The red precipitate formed when solutions containing iron are 
titrated with caustic makes it difficult to detect the end-point of 
neutralization; the method suggested .by C. A. Ahlum ^ takes ad- 
vantage of the white compound formed by precipitating the iron as 
a phosphate and the fact that monosodium phosphate is neutral to 
methyl-orange indicator. 

Reactions : 

Fe2(S04).i + 2Nall2P04 + x free acid = 2FeP04 + Na>S04 + x 
free acid + 2H2SO4, 

or 2FeCL -h 2NaTl2P04 + x free acid = 2FeP04 4- 2NaCl -h x free 
acid 4- 4HC1. 

The acid equivalent to ferries iron is deducted from the total acid 
found, the exc«5S acid being due to the free acid in solution. 

Procedure. — To the solution containing the iron and free acid is 
added an excess of (\P. solution of monosodium ^)hosphate (neutral 
to methyl-orange), and then a few drops of the indicator. The acidity 
of the solution is now determined by titration with standard caustic in the 
usual way, the solution being cold. From this titration the total free and 
combined acid are calculated. 

Iron is now determined in a separate portion by titration with 
stannous chloride or dichromate. 

Calculation. 

(A) FcaOs X 1.22<S5 = g. 112^04 (combined). F02O3 X 0.9135 = g. HCl 

(combined). • 

(B) One cc. N/5 of NaOH = .00981 gram of P2SO4 or .00729 
gram of HCK 

i\)tal acid (B) minus combined acid (A) = free acid, 

1 C. A. Ahlum, The Analyst, 31, 108, 1906. 
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ALLOYS 

The determination of definite constituents of alloys has been 
considered in previous chapters. Tliis chapter gives a general summary 
of the subject, dealing with the complete analysis of two typical alloys. 

Solution of Alloys and Outline of Separation 

Amone the solvents used nmy be mentioned nitric acid, aqua regia, sulphuric acid, 
fusion with acid fluxes. 

Nitric Acid Method 

Treat one or more grams of the alloy filings or drillings with concentrated HNOj or 
HNOs 1 : 1 until the metal is completely decomposed or in solution, adding water if 
necessary to assist solution. 

(a) If the metal dissolves, antimony and tin are absent ; omit their tests. 

lb) If the metal forms a turbid solution, antimony and tin may be present To a 
portion, add several volumes of water and boil, (a) If a clear solution is formed treat 
the entire solution in the same way, and omit tests for Sn and Sb. 

(c) If the residue is insoluble, Sb and Sn are indicated, evaporate Jlhe entire solution 
to dryness, gently ignite to expel water, add HNO3, heat, dilute and filter. If the 
filtrate is turbid, repeat the filtration until clear. 


Precipitate. — SnOj; ,Sn3(P04)4; Sbj04, all Filtrate. — Contains the H2S group 

white and traces of the copper group metals, (without tin and antimony) and (NH4)8S 

a. Digest from 10 to 20 minutes with strong group. 

KtS, NajS or (NH4)2S solution and filter, Aad from 1 to 3 cc. of concentrated 

b. Melt with NajCOj and sulphur, cool, H2SO4 and evaporate to fumes, cool, 

digest with water, and filter dilute and filter. 

Precipitate. — ^Traces Filtrate.— Contains Precipitate.— Pb- Filtrate. — Con- 
of copper group. If Sn, Sb in solution. SO4, white. Treat tains the H2S group 
sufficient in quantity, Just acidify with dilute with NH4C2H3O2 (without Sn, Sb, and 
dissolve in HNO3; add HCl and filter. solution, filter, and Pb and free from 

to filtrate containing a. Analyze the pro- add K2CrOH. Ayel-HNOj) and the 
(NH4 )iS group. cipitated sulphides, llow precipitate in- (NH4)2S group. 

I 6. T^t the filtrat^soluble in KOH Into a portion of 

[for phosphates. jproves lead present, the solution pass in 

jin H2S. A precipi- 

I , _ itate show.*! the pres* 

jence of the H2S group metals. 

a. If the HtS grouv is not present, as shown by a test on a portion of the solution, 
make a test for the (NH4)2S group. 

b. If the HsS group is present, precipitate the metals with 1128,- filter and. wash. 


l>fecipitate.— Contains tho H,S group, sul- Filtrate.— Contains the (NH4)2S group 

phides (without lead, tin and antimony). a. Test for Phosphates. If found 
If mercury is present use (NH4)iS to sSpar- present consult notes on this group in 
ate the sub-groups. Part II. 


with 20 per cent KOH (2 to 3 grams diarolved ing a •small portion ammoniacal, and, 
in 10 c c. o f water), filte r a nd wash. 'passing in HiS. if not present. A pie- 

iKitr-f- *,„^„.i'cipitate other than sulphur indicates the 
necipitate. Cop- Filtrate. ^Arse&ic of the metals of this* group.. 

^ Analyze the precipitate by the first pro-' 


passing in HiS. if not present. A pre- 
cipitate other than sulphur indicates the 
presence of the metaJs of this' group.. 
Analyze the precipitate by the first pro-' 
cedure on the metals of the '(NIL)aS 


. the proc^ure tor the c. If a test is made for magnesium, 
{soluble HflS^ubgroup. analyze the filtrate by procedures for 
P • ;the alkaUes. , \ 
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ANALYSIS OF TYPE METAL • 

Alloy of Copper, Lead, Antimony, Tin, with Small Amounts of 
Iron and Arsenic 

Solution of the Alloy. — To 1 gram’ of the alloy, which has been 
cut into small shavings with a clean knife, or sampled by means of a 
clean hack-saw producing fine “ sawings,” are added 15 cc. of concen- 
trated hydrochloric acid. The solution is gently warmed on the water 
bath and a drop or two of concentrated nitric acid is added occa- 
sionally until solution is effected. All of the metals will be con- 
verted into chlorides which will remain in solution with the possible 
exception of lead chloride. An excess of nitric acid is to be avoided, 
as it tends to form insoluble metastannic acid, which can be readily 
distinguished from the crystalline lead chloride. If metastannic 
forms, the operation must be repeated, using less nitric acid or add- 
ing it less frequently. After a few^ trials the correct method of 
adding the nitric acid is soon acquired. 

Lead. — The solution is allowed to cool and t^en stand at least 
one-half hour or better overnight to allow the lead chloride to crys- 
tallize out. Ten times the volume of absolute alcohol is then added 
in several portions. After standing for about half an hour, the lead 
chloride is filtered off on a Gooch crucible, washed with a mixture of 
4 parts of 95% alcohol and 1 part of concentrated hydrochloric acid, 
and finally with pure alcohol. It is dried for three hours at 150® 
and weighed. The great advantage of this method of separating the 
lead is that the very troublesome treatment of the sulphides of the 
metals present with sodium or potassium sulphide is avoided. The 
most difficult part of the operation is the solution of the alloy. 

Copper and Iron. — The filtrate from the lead chloride is heated 
until the alcohol is expelled. Two grams of tartaric acid and an 
excess of ammonia are added and the solution warmed until the pre- 
cipitate dissolves. By thS addition of 5 cc. of saturated hydrogen- 
sulphide water, the copper and the small amount of lead still unpre- 
cipitated as well as a trace of iron which may be present may be 
precipitated without bringing down any of the tin and antimony. 
The solution is warmed and when the. dark-colored precipitate has 
settled, 1 cc. of the hydrogen-sulphide water is added to the clear 
supernatant liquid. If no further ^precipitate is produced, the solu- 
tion is filtered and the precipitate washed with water containing 
hydrogen sulphide. 

The precipitate is dissolved in a^little warm dilute nitric acid and 
the lead separated as sulphate, the nitric acid being expelled* by 
evaporation after the addition of sulphuric acid. The copper is^pre- 
cipitated from the filtrate as sulphide and if small in amount may 
lie' ignited and weighed as oxide.* U consijjerable copper is present 
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it must be weighed as sulphide or without precipitation as sulphide 
!hay be separated electrolytically from the iron. One or 2 cc. of con- 
centrated nitric acid are added and a current of one-half ampere 
passed until all the copi)er is precipitated. The iron may then be 
precipitated with ammonia and weighed as oxide. Copper may also 
be determined by the “Iodide Method” as given in the chapter on 
copper. 

Separation of Antimony and Tin. — The .solution of antimony and 
tin is acidified with hydrochloric acid, hydrogen sulphide passed, and 
the precipitate filtered off and washed two or three times. A hole is 
made in the point of the filter-paper by means of a glass rod and the 
bulk of the precipitate washed into a beaker with a little water. Warm 
dilute hydrochloric acid is jioured over the jiaper to dissolve the portion 
of the precipitate still adhering to the paper. * The precipitate in the 
beaker is dissolved by warming and adding concentrated hydrochloric 
acid. The hydrogen sulphide is decomposed by the addition of a 
crystal of potassium chlorate and w\'irming. Some pure metallic iron 
is added and the solution hcat;pd on the water bath dor about one- 
half hour or until the iron is nearly dissolved. The precipitated anti- 
mony is filtered off on a Gooch crucible, a little iron having been 
sprinkled on the asbestos. The precipitate is washed with boiled 
water to which considerable hydrochloric acid has been added. 
See chapter on tin for direct estimation of tin. 

The antimony is dissolved in hydrochloric acid to which a little 
potassium chlorate has been added. The solution is warmed to ex- 
pel chlorine and, after the addition of tartaric acid and water, hy- 
drogen sulphide is passed. The antimony sulphide is filtered off and 
washed with water containing a little hydrogen sulphide. The moist 
precipitate is rinsed into a capacious porcelain crucible with water. 
The small portion still adhering to the pai)er is dissolved in a little 
warm ammonium sulphide and the solution allowed to flow into the 
crucible. The Solution is evaporated on the water bath after the ad- 
dition of a few cc. of concentrated nitric acid. If sulphur separates, 
a little liquid bromine is added when the 'solution has become quite 
concentrated. When the globule of sulphur has disappeared, expel 
the excess of nitric acid by heating on the hot plate or with the Bun- 
sen burner, finally heating to full redness. Cool a little, sprinkle 
some ammonium carbonate over the precipitate, and ignite again to 
completely expel sulphuric acid* and weigh as antimony tetroxide, 
Sb204. • 

The antimony may also be weighed as the trisulphide, Sb 2 S 3 . The 
precipitate is filtered on a weighed Gooch crucible, and heated to 
230® C. in a stream of carbon dioxide to exclude oxygen until constant. 
Antftnony may be determined volumetrically with accuracy. Consult 
chalkier on antimony. 

Tin. — To precipitate the tin in the filtrate from the antimony 
the excess of hydrochloric acid ia neutralized with ammonia, the^ solif- 
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tioii diluted somewhat, warmed, and hj'drogeii sulphide passed until 
the tin is entirely precipitated. The stannous sulphide is washed 
with water containing hydrogen sulphide and a few grams of am- 
monium sulphate. It is dried and detached from the paper which is 
burned. The precipitate and the ash are placed in a weighed por- 
celain crucible and heated very gently with free access of air until 
sulphur dioxide ceases to be given off*. The oxidation may be as- 
sisted by the addition of a few drops of nitric acid. Finally the pre- 
cipitate is strongly heated to expel sulphuric acid, which is completely 
removed by the addition of a little ammonium carbonate and again 
igniting. It is weighed as stannic oxide, rfnOo. 

An excellent volumetric method for tin is given in the chapter on 
the subject. See page 577 and also on page 581. 

Arsenic. — As only a trace of arsenic is present, a 5 or 10 gram 
portion of the alloy should be taken for its determination. Dissolve 
in hydrochloric acid and potassium chlorate and warm to expel the 
chlorine. Filter off the lead chloride on asbestos and wash a few times 
with dilute hydrochloric acid. Add one-third the volume of concen- 
trated hydrochloric acid and pass hydrogen sulphide. Filter off the 
precipitate consisting of the sulphides of copper and arsenic on as- 
bestos, wash with hot water containing hydrogen sulphide and a 
little hydrochloric acid. Dissolve the arsenic by washing the pre- 
cipitate with a little warm dilute ammonia. Evaporate the solution 
nearly to dryness in a porcelain dish. Oxidize the arsenic by warming 
with concentrated nitric acid, dilute the solution somewhat, neutralize 
with filtered ammonia, and add magnesia mixture. After standing 
twenty-four hours filter, wash, ignite, and weigh as magnesium pyro- 
arsenate according to the directions given in chapter on Arsenic. 

Arsenic may be determined volumetrically by direct distillation 
with HCl gas. The volatile arsenious acid being absorbed in water 
and titrated with iodine according to the methods described in the 
chapter on arsenic. 
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• ANALYSIS OF BRASS OR BRONZE 

Alloy of Lead, Copper, Tin, and Zinc, with Small Amounts of Arsenic, 
Antimony, Cadmium, and Iron 

Solution of the Alloy. — Weigh out 1 grain of the alloy and place 
in a 300 cc. beaker, add 10 cc. of concentrated nitric acid and 5 cc. 
water. Cover the beaker with a watch-crystal and place in a dish 
of cold water. After one-half hour place the beaker on the water 
bath and evaporate the solution to dryness. One hundred cc. of 
boiling water and a few drops of nitric acid are added and the solu- 
tion boiled for five minutes. 

Tin. — The stannic oxide is filtered off and washed with hot water. 
The moist precipitate is introduced into a weighed porcelain crucible and 
the paper burned in the usual manner. If the amount of tin is small 
(less than 1 %) it is weighed at this point, otherwise it is fused with 
six times its weight of a mixture of equal parts of sulphur and sodium 
carbonate. The fused mass is* dissolved in hot water and the solu- 
tion filtered. Th# copper, lead, and iron which were carried down 
with the stannic oxide will remain on the paper as sulphides, while 
the filtrate will contain all of the tin and any arsenic or antimony 
which may have been present. The insoluble sulphides are dissolved 
in a little nitric acid, the paper washed, and the solution added to 
the filtrate from the stannic oxide. 

If arsenic and antimony are absent, the tin may be precipitated 
out of the sodium sulphide solution and weighed. The excess of 
sulphur should first be removed from the solution by heating to boil- 
ing after the addition of caustic soda and then adding hydrogen per- 
oxide in small quantities until the solution is nearly decolorized. It is then 
acidified with hydrochloric acid wliile stirring constantly, heated, and 
hydrogen sulphide passed. The stannic sulphide is washed with hot 
water containing ammonium acetate and 'a little acetic acid. It is 
ignited and weighed as stannic oxide in the usual manner. 

Arsenic and Antimony. — If arsenic is present in the alloy, a 
small amount of this element will be present in the sodium sulphide 
solution of the tin and will be precipitated with the stannic sulphide. 
It may be removed by treating the precipitate with a little concen- 
trated solution of ammonium sarbonate and washing. The solu- 
tion of arsenic should be added to the nitric acid solution of the alloy. 

If antimony is also present in the alloy, the sulphide of arsenic, 
antimony, and tin must be separated by one of the methods given 
under Analysis of Type Metal. ^ 

Distillation Method for Detennination of Arsenic in Brass. — If 
arsenic is present in amounts less than 0.10 per cent, 100 gram sample 
is t^en and dissolved in 400 cc. HNOs (sp.gr. 1.42). The fumes are 
expelled by boiling and^the solution diluted with water to 500 c^. 
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NH4OH is added until a slight precipitate of copper hydroxide form^; 
about 5 grams of Fe 2 (S 04)3 and just enough NH4OH to cause pre- 
cipitation are added, the solution diluted to 1000 cc. and boiled, 
then again diluted and the precipitate allowed to settle several 
hours. The clear solution is decanted off and the Fe(OH)3 con- 
taining all the arsenic and antimony^ is washed, dissolved in hot 
HCl, about 2 cc. of hypophosphorous acid added and the arsenic 
distilled according to the procedure described on page 101, omitting 
the addition of Cu-iC'L. Arsenic may now be determined in the dis- 
tillate by titration with iodine. 

If antimony is desired in the analysis it may be obtained in the 
residue remaining in the flask. 

If arsenic is present^ in amounts over 0.10 per cent, 5 grams of 
the alloy are dissolved in 20 cc. of HNO3 (sp gr. 1.52) and then evapo- 
rated with 15 cc. of H 2 SO 4 (sp gr. 1.84) to fumes. Concentrated HCl 
may now be added, together with 2 cc. of 30% hypophosphorous acid 
and the arsenic distilled and determined as outlined above. 

Lead. — T<f the filtrate from thest^nic oxide, 5 cc. of concentrated 
sulphuric acid are added and the solution evaporated in a porcelain dish 
until the nitric acid is entirely expelled and white fumes of sulphuric 
acid are given off. The solution is cooled by floating the dish on 
cold water and diluted with 75 cc. of water. Lead is now deter- 
mined as PbS() 4 . 

Determination of Cadmium in Brass. — Ten grams of drillings are 
dissolved in HNOh (sp.gr. 1.42), 50 cc. of H 2 SO 4 (sp.gr. 1.84) added 
and the mixture (•vai)orated to fumes. The cooled mixture is diluted 
to 200 (!C. with water and boiled. The precipitate is allowed to 
settle (several hours) and filtered off. The solution containing the 
cadmium is treated, boiling hot, with H 2 S for thirty minutes, the 
precipitated sulphides filtered off and washed with hot water. The 
precipitate is dissolved in 400 cc. of 10 per cent H 2 SO 4 . 

After boiling, the hot solution is filtered, cooled and treated with 
H 2 S for ten minutes. NIJ 40 H is added cautiously until ZnS begins 
to precipitate. The solution is again treated with H 2 S for about five 
minutes, whereupon CdS is completely precipitated. The sulphide 
is purified by redissolving in 100 cc. of 10 per cent H 2 SO, applying 
heat. The solution is filtered, diluted to 300 cc. and again treated 
with H 2 S. Ammonia is added drop by 'drop until the cadmium sul- 
phide is completely precipitated. The treatment is repeated to re- 
move traces of impurities and the CdS then weighed in a tared 
Gooch crucible after drying for two hours at 110° C. 

Weight of CdS X 0.778 = weight of cadmium. 

The copper is best determined electrolytically. The filtrate from 
the lead sulphate is heated on the hot plate until most of the aleohol 
is expelled. Two cc. of concentrated nitric acid arc added and the warm 
^lutipn (about 60° C.) electrolyzed with a ifirrent of J to 1 ampere 
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for about six hours. If a gauze electrode is used or one of the elec- 
frodes is rotated the time required is very much reduced. 

Hydrogen sulphide is passed through the acid filtrate from the 
copper to precipitate traces of arsenic^ antimony, or unseparated tin 
which may be present. 

Iron. — The filtrate from the copper is boiled to expel hydrogen 
sulphide and a little nitric a^id added to oxidize the iron, which is 
precipitated with ammonia and weighed as oxide. If more than a 
small amount of iron is present, the precipitate must be redissolved 
and reprecipitated to separate it completely from the zinc. 

Zinc. — The filtrate from the iron is evaporated to small bulk 
and the zinc precipitated and weighed as pyrophosphate. The zinc, 
may also be precipitated and weighed as sulphide, or determined 
volu metrically by titration with potassium fefro(;yanide. See chapter 
on zinc. 

Determination of Copper and Lead Simultaneously by the Electrolytic 
Method (For Samples Containing over 0.2 Per Ceflt of Lead) 

Method. — In 9t 150 cc. beaker dissolve 1 g of bronze in 10 cc. 
of HNO3, sp.gr. 1.42. When the action hns ceased, evaporate the 
solution to dryness, and bake thoroughly on the edgeM a hot plate. 
Add 10 cc. of HNO3, sp.gr. 1.42, and aher digesting for a short time 
add 50 cc. of distilled water, Jieat to boiling, mikI allow to stand and 
settle for about one hour, keeping the teinperaturc just below the 
boiling point. J^'iltor on double 7 cm. filter ])iipers, keeping the solu- 
tion hot, and receive the filtrate in a 200 cc, electrolysis beaker. 
Wash with boiling hot water, dilute to about 100 ec. and insert 
electrodes. In the positive terminal insert one of the platinum gauze 
anodes previously descrHjcd, and in the negative terminal insert a 
platinum gauze cathode. Ckiver with a jiair of sjilit watch-glasses 
and electrolyze,' vising a current of from 3 to 5 amperes at approxi- 
mately 10 volts for each solution. After Jibout 45 minutes the lead 
will have been entirely deposited on the aifode as PbOj; without in- 
terrupting the current add to the electrolyte 3 to 4 cc. of H2SO4, 
sp.gr. 1.S4, and continue the electrolysis. W^hen the solution is color- 
less, wash down cover glasses, electrodes and sides of beaker, rais- 
ing the level of the liquid slightly, and continue the passage of the 
current about 15 minutes, noting whether or not copper is deposited 
on the newly exposed surface of the platinum. If no copper appears, 
transfer about 1 cc. of the colorless solution to the cavity of a por- 
celain test plate, and add a few drops of fresh H 2 S water. If the 
slightest discoloration occurs continue the electrolysis until there is 
no itiscoloration whatever upon repeating the test. Remove the solu- 
tion ^from the electrodes quickly without interrupting the current. 
Rinse the electrodes in distilled water and then dip them in two 
successive baths of alcolyil. Dry The anode at 210° C. for one-half 
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hour. Weigh as PbOa, using the factor for lead 0.8643 instead of 
the theoretical value. Shake off the excess alcohol from the cathode 
and ignite the remainder by bringing it to the flame of an alcohol 
lamp. Keep the cathode moving continually while the alcohol burns. 
Weigh as metallic copper. 

AccAiracy. — Duplicate copper determinations should check within 
0.10 per cent of copper. Duplicate lead determinations should check 
within 0 02 per cent of lead. Load results obtained by this method 
are likely to be about 0.01 per cent too high. 
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SLAG ANALYSIS 


The slags made in metallurgical operations consist of complex 
mixtures and solid solutions of silicates, oxides, aluminates, fluorides 
and many other compounds. In the molten condition some of these 
components are probably in igneous solution in each other, their 
exact composition and the nature of their association depending upon 
the state of equilibrium at the time the slags were produced. The 
composition of slags is important both because of its ilifluence upon 
furnace operations and because of its effects upon the character of 
the metallic products. For these reasons it is necessary to make fre- 
quent slag analyses in all metallurgical plants. • 

In iron blast-furnace slags the principal constituents are silica, 
alumina, lime and Magnesia, wdth small amounts of iron oxide, man- 
ganese oxide, calcium sulphide and phosphoric acid. Titanium oxide 
is also frequently present. In modern blast-furnace practice, which 
involves the use of high lime slags, in order to keep sulphur out of 
the iron, the percentage of lime and sulphur in the slags is closely 
watched. In open-hearth furnace slags the amount of phosphorus 
may be high enough to warrant the sale of the slag as fertilizer. 

Lead blast-furnace slags consist mainly of silica, iron oxide, man- 
ganese oxide, lime, alumina and zinc oxide, with small percentages of 
magnesia, barium oxide, lead, copper and sulphur. Of these the most 
important to the metallurgist are silica, iron oxide, lime, zinc ©xide 
and lead, and determinations of them must be made at least once a 
day. The other components are determined less frequently. In 
some of the Mexican lead-smelting plants calcium fluoride occurs 
in the blast-furnace slags. The lime combined as fluoride is deter- 
mined separately, as it is not available for the saturation of silica. 


Coniposition of Slags 

Blast-Fumace Slags. — SiOa = 35 to 45%; FeO - 0.2 to 0.5%; CaO « 
32 to 46%; Al20«= 14 to 17%; MgO - 1.0 to 1.5%; MnO^ « trace, to 
0.1%; S* 1.5 to 2.0%; P A = O.Ol^to 0.96%. 

Lead Blast-Fumace Slags. — SA - 36.7%; FeO * 29.5%; CaO = 20.9%; 
AI 2 O, « 3.16%; MgO = 1.69%; MnO = 0.91%; S = 0.75%; BaO * 0.54%; 
ZnO-»4.19%; Pb*1.38%; Cu=0.40%; Au = 0.001%; Ag = 0.70%. 
Average of one year’s analyses on representative samples. 

Qpp^r Blast-Fumace Slags. — SiO* = 23 to 49%; Fe(MnO) = 2.5 to 
57%; Ca(MgO)«2.5 to 25%; A1A=1.5 to 18%; ZnO * nil to 23%; 
CU’«0.15 to 1.1%; S == nil to 1.5%. • 
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Copper slags are made up mainly of silica, iron oxide, lime and 
alumina. The manganese oxide and the zinc oxide are usually ledfe 
than in lead slags. The silica and alumina, however, are generally 
higher. This is especially true in the case of reverberatory slags, 
in which a greater viscosity can be permitted. The percentage of 
copper is quite important as it measures the chief source of loss of 
that metal. The percentage of coppef in the slag is usually about 
one hundredth of tliat in the matte. The amount of lime in copper 
slags varies a great deal more than it does in lead slags, as it is of 
less importance in influencing the metallurgical results. In converter 
slags the copper may amount to several per cent, and the slag then 
becomes an important by-product. 

Deebmposition of the Sample 

«• 

General Reverberatory Slag. — Usually 0.5 gram of the finely 
ground slag is taken for a determination, a larger amount when the 
constituents sought are present in very small amount. The material 
placed ill a i)h!tinum crucible is fused with 5 to 6 grams of Na 2 C 03 
at red heat (muffle furnace, if possible) for 10 minutes. The mass is 
cooled on the side of the crucible, and the fusion dissolved in a cas- 
serole by adding an excess of HCl, followed by a few cc. of HNO3. 
The solution is evaporated to dryness and the residue baked. The 
mass is taken up with dilute HCl. Silica remains as a residue and 
is filtered off and determined. The metals are determined in the filtrate. 

Chilled Blast Furnace Slag. — The sudden chilling of the molten 
slag by dropping into water causes a physical change in the material 
which enables a decomposition by means of acids without resort to 
fusion, as given above. 

About 0.5 gram of the finely ground chilled slag in a small cas- 
serolh is moistened with water and about 3*cc. of concentrated HCl 
added. All lumps are broken up by stirring with a glass rod until a 
smooth jelly results. A fejv drops of HNOs are added to oxidize the 
iron and the jelly is worl^d up around the sides of the casserole in 
an even layer to the height of about § inch. (This permits rapid 
dehydration of the silica and reduces loss by “ spitting"’.) The acids 
are expelled by evaporation and the residue gently baked. (If the 
temperature is too high some alumina will combine with the silica 
and give high results for SiOa.) After booling, about 20 cc. of con- 
centrated HCl are added and the mixture boiled for a few minutes, 
then diluted with an equal volume of hot water and filtered hot. 
Si 02 remains as a residue, *the metals are in solution. 

Silica. — The residue obtained from the decomposition is washed 
with hot water until free from chlorides, the washings being adde^ to 
the main filtrate. The residue and filter are ignited, then cooled and 
weighed as BiOj. • 

Note. — Should barium be present, as is the case with many lead slags> 
^£ric acid is omitted in the decomposition, as thij\ would (’,ausc contamination 
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of the jsilica with barium sulphate. If uitric acid is used it is advisable to ob- 
tfiin the silica by difterence, by first weighing the residue. This is placed in a 
weired platinum dish, then treated with hydrofluoric acid and a dew drops of 
sulphuric acid. The solution is evaporated, all the acids and the silica l^ing 
expelled (as silicon fluoride). Any remaining re.sidue is weighed and sub- 
tracted from the first weight obtained. The loss represents the SiOa. 

Copper slags carrying 40 to 45 % of S1O2 are more troublesome than those 
with 35 to 37 % of SiOa in regard tQ alumina uniting with the silica during dehy- 
dration. 

Lime. — (In jiresenco of iron oxide and alumina) Ammonia is added 
to the filtrate from silica and then oxalic acid little by little until the 
precipitated iron and aluminum hydroxides just dissolve. The solu- 
tion is again made ammoniacal and oxalic acid again added to dis- 
solve iron. The solution should appear a light apple-green color. 
It is now boiled for a few minutes and tJio precipitated calcium 
filtered off and washed with hot water until free from oxalic acid, 
six or seven times being generally sufficient. 

The filter containing the calcium oxalate is dropped in a beaker, 
150 cc. of hot water added together with 15 cc. of (1:1) H2SO4 and the 
oxalic acid titrated with staiidiwd potassium permanganate. 

1 cc. ok. 0,1 N KMn04 = 0.0028 gram of CaO. 

The Fe value of KMn04 multiplied by 0.5 = CaO value. 

Notes. — If preferred iron and aluminum may be precipitated as hydrox- 
ides, and filtered off, calcium being determined in the filtrate It is advisable 
to rediHSolve the precipitate to recover any occluded limir and again precipi- 
tate the hydroxides with ammonia, the filtrate being combined with t/he main 
filtrate. 

In place of titrating the oxalate of lime, it may be ignited and the residue 
weighed directly as CaO. 

If oxalic acid is added in the form of a fine powder instead of a solution 
the calcium precipitates in a much more granular form and riiquires less boil- 
ing before filtering. 

Iron. — (In presence of silica) Half a gram or more of the finely 
ground chilled §lag in a beaker is treated with 50 cc. of boiling water, 
the particles stirred up and kept in suspension and about 25 cc. of 
concentrated HCl added. The .solution is boiled until clear. (If 
coke dust is present it will still be evident, but may be neglected.) 
Stannous chloride solution is added, drop by drop, until the iron is 
rcKiuced (solution becomes colorless) and 2-3 dropvS excess added. 
The solution is cooled by placing the beaker in cold water. Mercuric 
chloride, HgCla, solution is adcled.to precipitate the excess of stannous 
chloride. 

The iron is determined by titration ^ with standard potassium 
dichromate using ferricyanide indicator on a spot plate. See subject in 
the chapter on Iron. Report as FeO. 

k cn. of 0.1 N KsCrjO, = O.OO.fes g. of Fe, 0.00719 g. of FeO 

F# X 1.2805 = FeO 

Note. — The iron may l>e precipitated as hydroxide, then dissolved in 
dilute HgSOi, the solution r^uced bbiling with test lead or reduced in cold 
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solution with zinc and the solution titrated with standard potassium perman- 
mnate. This method is frequently preferred where previous fusion to 
decompose the ore has been required. Lime may be determined in the filtrate 
from iron. 


OTHER CONSTITUENTS IN SLAGS 

Alumina. — Phosphate Method. — The filtrate from the silica de- 
termination is diluted to about 400 cc. with cold winter and 30 cc, of 
10% ammonium phosjihate added. Dilute ammonia water is added 
until a slight permanent precipitate forms. 

1.5 cc. of concentrated HCl is added and 40 cc. of 20% solution 
of NaaS-iOs and the mixture boiled for about two or three minutes. 
15 cc. of 20% ammoniiwn acetate and 0 cc. of strong acetic acid are 
added and the boiling continued for about 15 minutes. 

The precipitate is allowed to settle for 15-20 minutes, the clear 
solution decanted through a filter and finally the aluminum phos- 
phate filtered and w'ashed. (The presence of the acetate makes the 
compound mor^ granular.) 10 washings with hot water are sufficient. 

The precipitate is dried, ignited and weighed ajj AIPO4. 

The precipitate contains 41.85% AI2O3. 

Note. — The slag may be decomposed by treating 0.5 gram in a plati- 
num dish with 5 00 ITNOa, 0 cc. of HF and about 2 cc. of (1:1) H2SO4. Thfs 
sample is taken to strong fumes of SO3, then cc>olcd and 10 cc. of HCI added and 
the mixture boiled. Alumina and iron may now be precipitated as hydroxides, 
and filtered off and washed After dissolving in HCl precipitate AIPO4 as in the 
method above. 

Manganese. — Half a gram of the slag is placed in a beaker and 
about 50 cc. of water added, the solution stirred until the material 
is in» suspension and about 15 cc. of H(U added, followed by 5 cc. of 
HNO3 and the solution boiled until most of the chlorine has been 
expelled. 

Hot water is added to make up to a volume of about 100 cc. 
The iron is now precipita?^ed by adding ZnO emulsion until the acid 
is neutralized and an excess of ZnO forms on the bottom of the 
beaker. 

The solution is boiled for a few minutes and the manganese 
titrated while the solution is .still hot (i^ presence of the precipitate) 
with standard potassium permanganate. 

The end-point is best seen by allowing the precipitate to settle 
slightly and observing the clear upper stratum of the liquid. 

1 cc. of O.lN KMn04 = 0.00165 g. of Mn. 

The lime value of the KMn04 X 0.588 « Mn. 

Note. — In place of the method given above consult the chapter on Man- 
ganese for the volumetric oxalic acid method. 
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Zinc. — To 0.5 gram (1 gram if zinc ia low) of the sample in a cas- 
%erole is added 3 cc. of water, 5 cc. of HCl and 2 cc. of HNO3. When the 
SiOa is completely gelatinized about 4 grams of NH4CI is stirred in. 

The sample is dehydrated only until the residue crumbles easily 
as baking is liable to volatilize some zinc as chloride. About 30 cc. 
of hot water are added and the solution brought to boiling, filtered 
and the residue washed with liot water. 

To the filtrate ammonium persulphate and bromine are added 
the amount being governed by the manganese present, i.e., 0.03 g. of 
ammonium persulphate and 10 cc. bromine for every 0.01 g. of Mn in 
solution. Ammonia is added in slight excess, the solution boiled 
about 2 minutes, filtered, and the residue, MnO^, etc., washed. (It is 
advisable to redissolve the precipitate in a little dilute HCl and 
again precipitate with persulphate and broiliine, adding the filtrate 
to the main filtrate.) 

The solution is just neutralized with HCd and 5 cc,. excess added, 
followed by 2 grams of test lead. The solution is boiled about 15 
minutes. » 

About 8~10 cc. of HCl are <4ddcd, the solution heated to about 60° 
C. and the potaj>r/uim ferrocyanide added. When the titration is 
almost completed the bluish-white color of the precipitate changes 
to nearly pure white. 

If the ferrocyanide is made up by adding 21.63 grams of potas- 
sium ferrocyanide per liter of solution, 1 cc. will equal very nearly 
0.005 gram of Zn. C/onsiilt chapter on Zinc. 

In place of the above method the rapid method given in the 
chapter on Zinc may be followed. 

Magnesia. — 0.5 gram or more of the finely ground chilled slag, 
placed in a casserole is moistened with water, 5 cc. of HCl and a few 
drops of HNO 3 added.. The acids after reacting with the slag are 
evaporated off and the silica dehydrated. The residue is taken up 
with 15 cc. of HCl and about 30 cc. of water, and boiled. 

Silica is filtered off and washed. 

The filtrate is made slightly alkaline* with ammonia, 8 cc. of 
(NH4)2t3 and 1 gram of (NHOnCO.^ added and the solution boiled 
for a few minutes, the precipitate then filtered off and washed several 
times with water containing a little (NH 4 ) 2 W. 

The filtrate is made slightly acid with H(^l and boiled down to 
about 50 cc. The i)rec‘ipitated -sulphur is filtered off and the filter 
washed. If the solution is cloudy it is cleared by adding bromine 
water and boiling. * , 

Ammonia is now added and a small amount of ammonium oxalate 
to remove any CaO still remaining; after boiling, the oxalate of cal- 
ciuift (“lime’') is filtered off and washed. 

Magnesia is now precipitated in the filtrate by addition of 
NaiHPOi or another alkali phosphate, and the magnesium am- 
monium phosphate filtei^d off, washed with 2% ammonium nitrate 
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solution, ignited and weighed Uh Mg.:l*«()7. Consult the chapter on 
Magnesium. 

MgaPoOT X 0.;i621 = MgO 

Copper. Colo)'ini(ilric Method with Ammonia . — The percentage 
of copper normally {)resent in blast furnace slags should not exceed 
0.3 per cent. Conv*erter slags may coiitain as much as 2.5 per cent 
copper. The colorimetric method is especially adapted for this de- 
termination owing to its simplicity and sjxhmI. 

Slags which have been “chilled” arc readily decomposed by HCl. 
Stirring constantly during the acid action and ihluting as soon as de- 
composition is complete prevents the separation of gelatinf)us silica 
and hastens the solution of copper. 

Procedure. — Color 'Standards. 0.2 gram of pure copper foil is 
dissolved in 20 cc. of 1: 1 HNO3 in a covered beaker, warming gently. 
After evaporating down to about 10 cc., the solution diluted to 50 cc. 
is transfe^rred to a graduated liter flask, 2(H) cc. of ammonium hy- 
droxide added jind the solution diluted to 1000 cc. 

5, 10, 20, 30, 40, 50, 00, 70, 80, 90 aixl 100 cc. portions are taken and 
placed in 100-cc. Ncssler colorimetric tubes. (In j^place of the tubes 
clear white glass bottles of about 1.50 cc. capacity may be used.) 
The volume of each solution is diluted to 100 cc. with 1 : 5 ammonium 
hydroxide. 

If a colorimeter is available a standard is taken that corresponds 
to that of the sample as prepared according to directions below and 
comparisons made by viewing the solutions through the depth of 
.solutions adjusted to give the same intensity of color. 

Preparation of the Sample. — Two grams of the finely crushe<l 
sample (100 mesh) is treatc'd in a Ixmker with 10 cc. of water to 
thorc^ughly moisten the powder, 10 cc. of Hti:ong HCl are added and 
the mixture stirred, warming gently until the undissolved re.sitlue 
becomes flocculent, remaining in suspension. ^ 

About 90 cc. of H2B water are added or the same volume of 
water and H2S gas passed in until the solution is saturated. . The 
solution is warmed gently until the copper sulphide coagulates. The 
precipitate is filtered through a small filter (Witt filter is O.K.) 
and washed with H2S water. 

The sulphide is now dissolved in 5 cc. strong HNO3 (in the beaker 
in which the CuB was precipitated) 30 cc. 1:5 NH4OH solution arc 
added, the solution filtered through a second filter, and this waslied 
with 1 : 5 ammonia reagent., ' 

The copper solution is transferred to a Nessler tube (bottle or 
colorimeter tube as the case may require) and comparison made 
with a standard, the solution beiiig made up to 100 cc. with ,1 : 5 
NH4OH. 
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ELECTROLYTIC AND IODIDE METHODS FOR COPPER 

For extreme accuraejy the electrolytic or iodide methods are re- 
commended. Details of these methods may he found in the chapter 
on Copper. See also the chapter on Fire Assay Methods by I. A. 
Palmer. 

Lead. — The determination of lead is frequently required in slags. 
Slags high in silica are apt to contain lead in aj)prcciable quantities, 
probably combined as silicate. The deconq^osition of the slag by 
treatment with HI' as given in the foot note on page 691 is recom- 
mended. 

The determination of lead in slag does not differ materially from 
its determination in ores. Heference is made to the chajiter on Lead 
for its estimation. 

Other Constituents. — The determination of barium, titanium, 
sulphur, phosphorous, chromium, cobalt, nickel, alkalies, etc., are oc- 
casionally necessary. Th(‘ jiroceilures for these determinations may 
be found in the chapters dealipg with the elements in question.* 

* The introductk)!! to tliis section “Slag Analysis" was written by Prof. 
I. A. I’alriKT, Department of Metallurgy, Colorado SidiooJ of Mines. 
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THE FIRE ASSAY FOR GOLD AND SILVERS 

Definitions. — Fire assaying is a branch of quantitative chemical 
analysis in which metals are determined in ores and metallurgical 
products by extracting and weighing them in the metallic state. The 
methods employed involve slag-melting temperatures and the use of 
reducing, oxidizing and fluxing reagents, and are in principle the same 
as those used in metallurgy. 

The metals ordinarily determined by fire assaying arc gold, silver 
and platinum. Antimony, bismuth, lead and tin can be determined 
in this way also, but the results are usually more or less inaccurate. 

An ore is a mineral aggregate from which one or more metals can 
be extracted at a profit. 

Metallurgical products include a large number of metal-bearing 
mixtures and compounds, ranging from high gristle gold and silver 
bullion to very weak cyanide and sulphate solutions. 

The constituents of an ore are usually divided into two general 
classes, the valuable minerals containing the ynetalsy and the non- 
valuable minerals or gang tie. A similar classification can be made in 
the case of many metallurgical ])roducts. In gold and silver bullion 
and other alloys all of the components are metallic, and the assay- 
ing problems involve simply the separation of metals. 

GENERAL OUTLINE 

With ores and metallurgical products containing non-metallic ele- 
ments the process consists, briefly, in the production ,of two liquids, 
liquid lead containing the •valuable metals, and liquid slag containing 
the waste matter or gaupgue. The two liquids separate from each 
other by reason of tlie groat difference in sp)ecific gravity. The valuable 
metals are separated from the lend and from each other by taking 
advantage of differences in chemical ])roperties. The slag is discarded. 

In the operation of the process the gold and silver, and platinum, 
if present, arc collected from the metal- bearing portion of the ore or 
metallurgical product by means of molten lead reduced from litharge 
or lead oxide. The gangUQ is concerted into a fusible slag by means 
of reagents known as fluxes. 

The effectiveness of the fire assay in sei)arating gold, silver and 
platinum from ores and metallurgical products depends upon* two 
properties of these metals; first their weak affinity for non-metallic 
elements, especially at high temperatures, and second, their* very 

• ‘ I^y Irving A. Palmer, Professor of Metallurgy ^Colorado School of Mines. 
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^reat affinity for molten lead. The collection of the precipus metals 
in the lead, therefore, is the simplest part of the process. The flux- 
ing of the gangue is much more difficult, and requires considerable 
knowledge and skill. If the fluxing is properly performed the col- 
lection of the valuable metals usually takes care of itself. 

Reagents. — A flux is a substance which when heated in contact 
with some difficultly fusible compound, either combines with it or 
takes it into solution, in each case producing a compound or mix- 
ture which is easily fusible at ordinary furnace temperatures. The 
principal fluxes and other reagents used in fire assaying are de- 
scribed in the following paragraphs. 

Litharge or oxide of lead, PbO, melting jioint 8S3° C., has several 
important uses. It furnishes the lead which collects the precious 
metals; it readily combines with silica, 'producing easily fusible 
silicates; and it acts as an oxidizing and desulphurizing agent. It 
is a very strong basic flux. 

Sodium carbonate, Na^COa, melting point, H52° is a powerful 
basic flux. It combines with^ silica and alumina, i>roducing fusible 
silicates and aluminates. When molten it has the property of dis- 
solving or holdinj in suspension a number of refractory gangue 
materials. To some extent, jilso, it acts as an oxidizing and de- 
sulphurizing agent. Potavssium carbonate, K2CO3, melting point 894® 
C., is rarely used in fire assaying because of its greater cost. 

Borax glass, Na2B407, melting point 742° C., is an acid flux used 
for combining with or dissolving the basic and some acid constituents 
of the gangue, producing easily fusible complex borates and mix- 
tures of borates and other compounds. Even silica dissolves to some 
extent in molten borax glass. 

Silica, SiOa, melting point 1755° C., is a strong acid flux. It 
combines with metalli(‘. ‘oxides and jiroduces silicates which in many 
cases are considerably more fusible than silica itself. 

Granulated* lead or test lead is used in the scorification assay, 
which is conducted under oxidizing condilions, and in which, there- 
fore, litharge could not be employed as a source of lead. 

Lead foil or sheet lead is used in the assay of gold and silver 
bullion. It, as well as the granulated lead, should be free from silver 
and bismuth. 

Flour is known as a reducing agent. It contains carbon, which 
reduces lead from litharge. Charcoal was formerly used for this 
purpose, but it is not so convenient. 

Argol or crude cream of tartar, KHO4H40fi, is both a basic flux 
and a reducing agent. On being hen ted it decomposes as follows: 

2KHC4H40fl heat — > K2O -f-f5H20 + 6(K> + 2C. It is effective 
in Issays requiring strong reducing action and low temperatures. 

Ufon is sometimes used as a desulphurizing and reducing agent. 
It decomposes most of the heavy sulphides, yielding the metals and 
iron sulphide. 
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Potassium nitrate, KNO 3 , melting point 1139° C., is u powerful 
oxidizing agent. It is used to neutralize the effect of an excess of 
reducing substances in the material to be assayed. High sulphur 
ores, if assayed without jn-evious roasting, r(*(juirc the addition of 
nitre to the charge. In contact with a reducing agent two mole- 
cules of potassium nitrate give up five atoms of oxygen, as shown in 
the following equation: 

4 KNO 3 -I- 5C — ^ 2KjCK)3 + 3C0‘2 -h 2 N 2 . The potassium oxide 
coming from the decorni)osition of the nitre acts as a basic flux. 



Fig. 120. Oil Muffle Furnace.. 

Common salt, NaCl, melting point 819° C., is a neutral sub- 
stance sometimes used as a cover for crucible fusions to exclude the 
air. When molten it rests on top of thp charge and does not enter 
into it, • 

All of the reagents used must be pure and in a finely divided 
condition. Sodium carbonate shows a tendency to form lumps. 
These should be broken up and the entire mass put through a moder- 
ately fine screen. , 

Furnaces and Equipment. — The major operations in fire assiuy- 
ing are usually conducted in muffle furnaces. The muffle is a ^ox- 
like receptacle made of fire clay, so placed in the furnace that it is 
heated on top, bottom and all sitie^ excep^ the front. In it are 
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placed the refractory vessels containing tlic material to be assayed. 
Sphere is thus no direct contact with the fuel or products of com-^ 
bustion. The fuel used may be coal, oil, gasoline or gas. See Figures 
126, 127, 128. 

Cupels. — The sci)aration of the precious metajs from the lead 
alloys produced in fire assaying is effected in small shallow vessels of 
hone ash, known as cupeh. The material consists mainly of calcium 
phosphate, with small percentages of magnesium phosphate, calcium 



Fio. 127. Muffle Furnace. 

fluoride and calcium carbonate. , It is a product of the burning of 
animal bones, preferably those of the sheep. It should be ground 
fine enough to pass a 40 mesh shreen, i^i which case about 50 per 
cent of it will pass a 150 mesh screen. The cupels are made by moist- 
ening the bone ash with a small amount of water and then com- 
presfing it in the cupel mould, which consists essentially of a ring 
and die. The bone ash is forced into the shape desired at a con- 
sidei^ble pressure, so as to insure sufficient rigidity in the cupel. 
The amount of water needed vanes', but should be as low as possible^. 
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The cupels should be dried very slowly, so us to avoid cracking. 
By using high pressures good cupels can be made from perfectly dry* 
bone ash. See under group Fig. 130. 

The requirements of a good cupel are tliat it should be infusible 
at ordinary furnace temperatures, that it should not be attacked by 
metallic oxides, that it should be porous, and that it should be suffi- 
ciently rigid to permit of considerable Handling. 

Cupels can be made of Portland cement, magnesia, or of mix- 
tures of these materials with bom* ash. They are considerably 
cheaper but not so satisfactory as those made of bone ash alone. 



Fig. 128. Cross Section of Two Muffle As.say Furnace. 

The Assay-Ton System. — As the pre/cious metals are bought and 
sold by the Troy system of weights ’and measures, and ores by the 
Avoirdupois system, considerable time would be lost in calculating 
assay results, were there no way of avoiding it. To simplify the 
calculation Prof. C. F. Chandler, of Columbia University, invented 
the assay-ton system of weights. The assay-ton is equal to 29.106§ 
milligrams. As there are 20,1601 Troy ounces in an Avoirdupois ^on 
of 2,000 pounds the number of milligrams and fractions of a nylli- 
gram of precious metals found in an assay-ton of ore corresponds to 
the' number of Troy ounces in an Avoirdupoi^ ton. 
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Sampling. — It goes without saying that good results in assay- 
ing presuppose accurate sampling. Silver is reported in assay cer- 
tificates to the nearest tenth of an ounce; gold usually to the nearest 
one hundredth of an ounce. One tenth of an ounce means one part 
in 291,667; one hundredth of an ounce, one part ‘in 2,916,667. In 
the preparation of the sample, therefore, the ratio between the weight 
of any fractional portion and' the weight of the largest particle in it 
must be very large, so that the accidental inclusion of a number of 
rich pieces in any portion shall not affect the results beyond the 
limits of error in assaying. The final pulp sample should be of a 
fineness ranging from 80 mesh, in the case of low grade silver ores, 
to as fine as 200 mesh in the case of non-uniform gold ores. Small 
particles of metallic gold in the material necessitate fine grinding 



• Fig. 129. Apparatus for I'ire Assay. 


and very thorougli nyxing. It is a good rfile to mix all pulp samples 
on a rubber cloth before weighing the portions for assay. 

Balances and Weights. — The balances used in fire assaying are 
somewhat different from those found in chemical laboratories. They 
are known as flux, pulp and, assay balances. The assay balances are 
for weighing the gold and silver* often exceedingly small in amount, 
and are the most delicate tyiie of commercial balances made. They 
should be quick in action and not liable, to changes in adjustment. 
The beam should be short, light and rigid. The balance should be 
sensitive to .01 milligram at lea^. It need not have a capacity of 
moi% than .5 gram but should lie accurate with that load. 

large laboratories separate balances are furnished for weighing 
the gold. These balances should be adjusted before each weigh- 
ing and should be handlg^ with greatest of care. In the assay- qf 
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gold oresi, when using a half assay-tou portion, every error of .01 
milligram in weighing the gold means a variation in the value of 
the ore of forty cents per ton. See Fig. 131 for final weighings. 

The Crucible Assay. — This method of fire assaying is adapted 
to the great majority of gold and silver ores and to many metal- 
lurgical products. The process consists in treating a weighed por- 
tion of the sample, carefully mixed with the necessary reagents, in 
a fire clay crucible. In order to do this effectively the character of 
the material to bo assayed must be known. Thus, ores may be 
oxides or sulphides. They may be basic, acid or neutral. They may 
be strongly oxidizing or strongly reducing. Each case requires a 
particular method of treatment. 

The amount of sample usually taken is one lialf assay-ton, run 
in duplicate. Twenty-gram fire-clay crucibles are used, that is, 
crucibles capable of holding twenty grams of ore and the necessary 



Cupel Muffle Crucible Scorifier 

F'ig. 130. Apparatus for Fire Assay. 


reagents. In most cases the total charge will fill the crucible to 
within one inch of the top. 

Lead Reduction with Oxidized Ores. — Experience has shown 
that <the best results are obtained when the* lead reduced from the 
charge amounts to from 25 to 30 grams. If the ore is oxidized, a 
reducing agent must be added to precipitate the flecessary lead. 
Flour is thb reagent ordinai'ily used, although charcoal or argol can be 
substituted for it. The l&d is reduced according to the following 
equation : 

2PbO + C 2Pb + CO 2 

That is, 12 parts of carbon theoretically will reduce 414 parts of lead 
from litharge. Hence, the theoretical reducing power of carbon is 
or 34.5. In practice, the reducing power of charcoal is found to 
range between 25 and 30, and that of flour from 10 to 12. Argol 
has a reducing power of about 8 or 9. In most oxidized ores, there- 
fore, from 2J to 3 grams of flour w^ll be required to reduce from 25 
to 30 grams of lead from the litharge. 

If the ore contains ferric oxide, manganese dioxide, or some o^her 
easily reducible oxide, more flour must be added. Some iron*raan- 
g^nese ores require as much as 5 gr^ms of flour to thrown down the 
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necessary lead. With unknown ores the right amount can be de- 
termined only by trial. 

Lead Reduction with Sulphide Ores. — In the case of ores con- 
taining sulphides, arsenides or other reducing substances, there will 
be a reduction of lead without the addition of carbon. In fact it 
is usually necessary to add an oxidizing agent to prevent the pre- 



Fig. 1.31. Assay Balances for Small Weights. 

cipitation of too much lead. The following reactions show the effect 
of a number of sulphide minerals when heated in contact with lith- 
arge and sodium carbonate. 

(1) PbS + 3Pb() + Na.COa - 4Pb + Na^SO^ + CO,. 
ej[2) ZnS + 4PbO + Na,C 03 =^4Pb + ZnO + + CO 2 . 

(3) 2FeS2 + 15PbO + 4Na2CO.^ = loPb + FeaOa + 4Na2S04 + 4 CO 2 . 

The sodium carbonate induces the complete oxidation of the sul- 
phur to SO3, with the f^mation of the very stable compound soditim 
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sulphate. In the absence of an alkaline carbonate; most of the sul- 
phur is oxidized to SO 2 only, and the amount of load precipitated 
correspondingly decreased. 

Reaction (3) shows that pyrite has a greater reducing power 
than flour itself.. If, tlierefore, a half-assay- ton of ore consisting 
mainly of pyrite were to be subjected to a crucible fusion, without 
the addition of some oxidizing agent/ anywhere from 100 to 150 
grams of lead would lie reduced. This w'ould be entirely too much 
for the subse(iuent process of cupellation. In order to prevent the 
reduction of an excessive amount of lead, potassium nitrate is added 
to the charge. The following reactions show the oxidizing powder of 
this reagent. 

(4) 2KN03 + 5Rb = 5PbO + K.O 4- N2. 

(5) 2TeS. + OKNOa = Vo Ah -V 4S()3 + + 3N2. 

Reaction (4^ show's that 202 parts of nitre wrill oxidize 1035 parts 
of lead to litharge. The theoretical oxidizing power of nitre, as meas- 
ured against lead, is, therefore, 5.12. Reaction (j) when compared 
with reaction (3), given above, show's that 600 parts of nitre will 
oxidize the pyrite needed to reduce 3105 grams of lead from litharge. 
Here again the oxidizing power of nitre is shown to be 5.12. In 
practice, it is found to be somewhat less, more nearly 4.5. 

The fire assay of sulphide ores, therefore, involves either a pre- 
liminary assay, or a calculation from the chemical analysis, in order 
to determine the amount of nitre to be added. With unknown ores 
it is better t6 make a preliminary fusion, using 5 grams of the ore, 
75 grams of litharge, 20 grams of sodium carbonate and 10 grams of 
boraXj glass. The button of reduced lead is ^W'cighed and its weight 
divided by 5. This gives the reducing jiower of the (jre. From this 
can be calculated the reducing power of one half astiay-ton of the 
ore, and the amount of nitre necessary to add in order to cut down 
the weight of the reducech lead to about 30 grams. An excess of 
silica or borax glass decreases somewhat the amount of lead by caus- 
ing the formation of difficultly reducible lead silicates or borates. 

Amount of Litharge. — The amount of litharge for a half assay- 
ton charge usually ranges from 60 to 75^ grams. Only about half of 
this is needed to produce the 2.3 to»30 grams of metallic lead used 
as the collector. The excess litharge serves to prevent the reduction 
of other base metals, such .as antifliony, bismuth, iron, copper and 
zinc, to help flux the silica, to act as a solvent for some of the re- 
fractory gangue materials, and to make sure that every particle of 
the ore in the crucible is in close proximity to one or more particles 
of litharge. In special cases it may be advisable to use a very large 
excess of litharge, as in the assay of rich gold telluride ores, zinc pre- 
cipitates and saturated cupels. • 
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Amount of Sodium Carbonate. — The amount of sodium car- 
bonate to be used depends somewhat upon the character of the ore, 
although the modern practice is to use about the same quantity in 
assaying a great variety of ores and metallurgical products. The 
principal function of the sodium carbonate is to fkix the silica and 
alumina, which are nearly always present in greater or less degree. 
The reactions are as follows : * 

(6) NaaCOa -h SiOa = NaaSiOa + C:Oa. 

(7) 2Na2C03 + SiOa = Na4Si04 + 2 CO 2 

(8) Na^COa -}- AI2O3 = Na2Al204 -(- OO2 

The two silicates and the aluminatc are both* quite fusible at ordinary 
furnace temperatures. 

The silicates used in assaying and in metallurgy arc usually classi- 
fied according to the ratio between the oxygen in the acid radical 
and that in the base. Only four of these type silicates are of any 
practical importance. They are shown in the following table: 

Sub-silicate 4RO, Si02 

Mono-or singulo-silicate 2RO, Si02 

Sesqui-silicate 4RO, 3Si02 

Bi-silicate RO, SiOa 

In the above silicates, the ratios are J- to 1, 1 to 1, to 1, and 2 to 
1, respectively. 

Reactions (6) and (7) show that to flux one i)art ol silica to bi- 
silicate and mono-silicate requires about If parts and 3^ parts, 
respectively, of sodiiiin earbonate. If the half assay-ton of ore, there- 
fore, consisted of almost pure (luartz, it would take 25 grams of 
sodium carbonate to flux it to sodium bi-silicate, and 50 grams to 
flux it to the mono-silicate. As a matter* of fact, the bi-&ilicate slag 
is satisfactory in thi§ case. In general, the acid silicates have lower 
melting points but greater viscosity than the basic silicates. The ex- 
cess litharge in the charge also combines with silica, and may thus 
produce more basic silicates. At any rate, a mixture of silicates 
usually has a lower melting point than that calculated from the 
melting points of its components. 

Reaction (8) shows that 1 part of sodium carbonate is required 
to flux 1 part of alumina. 

In practice from 30 to 35 grams of sodium carbonate are used in 
a half-assay-toii charge. In many cafees this may seem to be a large 
excise. It must be remembered, however, that this reagent serves 
alB(^ to assist in the oxidation of the sulphides through the formation 
of sodium sulphate, that it has a solvent effect upon refractory 
oxides and other subst^ces, apd* that it increases the hulk of 
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charge, thus protecting the ore from the action of the air and 
from the escape of the more volatile metals aiitl their compounds/^ 
Being very fusible itself, an excess also serves to increase the fusi- 
bility of very refractory charges. 

Amount of Borax Glass. — 'J'he rational formula of borax glass, 
Na^O, 2B2 ().i, shows that it is an unsaturaled compound and can take 
up more of the base. This base may be*sodium oxide or one or more 
of the heavier oxides. The result of the addition is a fusible com- 
plex borate. This is shown in the following reaction: 

(9) NaaO, 2 B 2 O 3 + 5CaO = NajO, 5CaO, 2 B 2 O 3 

The compound produced is a mono-borate and shows the fluxing of 
1.4 parts of lime by one part of borax. The solvent power of borax 
glass for various substances has been referred to above. In practice 
it does not matter whether there is chemical combination or solution. 
What is desired is perfect liquidity at furnace temperatures. 

The amount of borax glass ordinarily used in a half assay-ton 
charge varies from 10 to 15 grams. If the ore is very basic and 
refractory, more borax should be useef. As in the case of sodium 
carbonate an excess of borax glass ordinarily can clo no harm, as it 
is quite fusible. 

Some assayers use silica in the assay of very basic ores. It is a 
good flux for iron and manganese oxides, producing fusible silicates. 
It is also very cheap. It cannot be used in excess, because of its 
very high melting point. 

Assay Slags. — The slags produced in crucible fusions in fire 
assaying are often very complex mixtures of silicates, borates, oxides 
and other compounds. In the molten state there can be chemical 
combination, solution and suspension, all at the same time. Ordi- 
narily, it is quite useless to attempt the formation of a definite silicate 
or borate. If a sufficient amount of the proper fluxes is used, and a 
high temperature at the finish, there is usually no trouble in getting 
a good fusion. As a general rule the greater the complexity of the 
slag the lower its melting point. 

Weighing and Mixing the Charge 

It is usually most convenient to mix j the charge within the cru- 
cible. The fluxes should be put in first, the most bulky one at the 
bottom. They should be measured rather than weighed, in order to 
save time. Only the flour and nitre *need to be measured accurately. 
The ore is carefully weighed on a pulp balance and placed on top oi 
the fluxes. The mixing is best doi^ by means of a steel spatula, 
and should be very thorough. Good mixing is shown by the unifoi^m 
appearance of the charge. The fluxes should be free from lumps. '!^he 
practice of using a salt or borax cover on the charge is not so com- 
mon as it was. Ordinarily it is ndt ^necessary. When a salt cover 
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is used in assaying rich ores, there is some danger of the production 
^of volatile silver and gold chlorides. Borax glass as a cover is 
expensive. 

Fusing the Charge. — The fusion of the charge is best conducted 
in a muffle furnace, although it can be made in a coke furnace, or even 
in a blacksmith’s forge. The crucibles should be placed in the muffle 
when the latter is at a bright red heat. The temperature is then 
gradually raised until at thej end of 45 minutes it reaches a light 
yellow heat, say 1150° C. Sulphide ores should be run rather more 
quickly than oxide or(‘s, so as to oxidize the sulphides before they 
have a chance to melt down into a matte. If the heat be raised too 
rapidly there is dang(‘r of boiling over, due to the large volume of 
gases liberated. 

The crucible fusion may be divided r« uglily into three stages. 
There is first the preliminary heating stage, accompanied by some re- 
duction of lead from litharge, the partial fusion and decomposition 
of nitre if present, the iiartial reduction of higher oxides, and some 
fluxing of silica by sodium carbonate and lithargp. During the 
second stage most of the cheifiical reactions take jilaoc and the entire 
charge seems to b(‘ in a state of violent agitation. Lead is reduced 
from the litharge by flour, sulphur or other reducing agent, and the 
multitude of small shots pick up the adjacent particles of gold and 
silver. Gold telluridos and silver sulphides are decomposed by lith- 
arge, setting the metals free. Sodium carbonate and borax react 
upon the acid and basic constituents, respectively, of the charge, 
and produce slags. Alumina and other oxides either combine with 
these reagents or dissolve in the slag mixture. There is a copious 
evolution of gases, such as carbon dioxide, carbon morioxide, sulphur 
dioxide, and nitrogen. The third stage is known as the period of 
quiet fusion. It is foji* the purpose of completing the slag fqjming 
reactions and of rendering the slag as liquid as possible. This enables 
all of the smaji particles of lead to fall down through the slag, collect- 
ing the remaining traces of gold and silver. The latten are washed 
out of the slag much as a shower of raki sweeps the dust particles 
out of the air. The slag must b(5 thoroughly liquid in order to insure a 
perfect separation from the lead. 

A high temperature at the beginning of the fusion should be 
avoided, as it not only incrc^ases the chances of boiling over, but may 
cause some volatilization of con?pounds of the precious metals. After 
these metals arc reduced and alloyed with lead the temperature can 
be raised with less danger of Idss. A ^ow of empty crucibles or a 
prism of coke should be placed in front of the crucibles containing 
the fusions, and the muffle door should be kept closed. 

€*The time required ranges from 40 to 55 minutes, according to 
conditions. A long continued fusion at a low temperature usually 
means a small lead button and an imperfect collection of the gold 
and silver. 
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The period of quiet fusion should last about 10 to 15 minutes. 
The crucibles arc then taken out of the muffle, tapped gently witl^ 
a whirling motion, to collect stray shots of lead, and the contents 
poured into conical iron moulds. The greater part of the slag should 
be poured off firj^t, so as to avoid splashing of the lead against the 
sides of the mould. When cold the lead buttons are taken out and 
hammered into rough cubes, so as to remove the adhering slag. The 
lead buttons are now ready for cupellatioii. 

Crucible Charges. — It is impossible to give a crucible charge 
that would be satisfactory in every case. Modifications in the amount 
and kind of reagents must be made to suit the character of the mate- 
rial to be assayed. However, the variations are not so great as is 
generally supposed, and many assayers use stock fluxes for a great 
variety of ores and metallurgical products. Changes are made only 
when the conditions seem to recpiire them. 

The following table gives the approximate amount of the different 
reagents used in an ordinary crucible fusion ; — 


Ore • 

Sodium carbonate 
Borax glass 
Flour or Nitre 
Litharge 


2 Assay ton 

25 to 35 grams , 

10 to 15 grams 

As reciuired. (l^ec Preliminary Assay) 
GO to 75 grams. 


The Scorification Assay. — The scorification assay is used prin- 
cipally in those cases in which an undue amount of interfering base 
metals would be reduced along with the lead if crucible fusions were 
made. Thus, if a crucible fusion be made upon an ore containing 
copper or anftmony, either of these two metals will be reduced along 
with the lead and produce a button which is difficult to cupel. Even 
with ^ulphide ores there is a (tonsiderable redaction of the copper or 
antimony, as is shown in the following reactions: 

(10) CuoS + 3PbO + Na;>C03 = Vu. + 3Pb + + CO. 

(11) SbaSa + yPbO + 3Na,CO. = Sb^ + 9Pb +, 3Na2S04 -f 3 CO 2 

Nickel and cobalt are reduced in the same w'ay. 

In the scorification assay the operations arc carried out under 
oxidizing conditions so as to prevent the reduction of the interfer- 
ing metals. Metallic lead is used ^s tlie collector and is added as 
such. The flux is mainly litharge, coming from the oxidation of the 
lead, and a small amount of borax. » 

The operation is conducted in shallow fire clay dishes known as 
scorifjers, from 2 to 3 inches in diameter, The amount of ore taken 
is usually 1-10 assay-ton, soraetimeS 1-20 or 1-5 assay-ton. AVJbut 
25 grams of granulated lead are spread over the bottom of the vseori- 
fier and the ore then added and thoroughly mixed with the lead. Che 
mi 3 ?ture is then covered with ab(jut 25 grams more of granulated 
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lead and one or two grams of borax glass. Usually from 5 to 20 
Twrtions of the ore arc weighed up so as to lessen the chances of error. 
The scorifiers are placed in a muffle heated to redness and the door 
closed. As soon as the lead melts the door is opened, in order to ad- 
mit air and increase the rapidity of the oxidation. , The ore is seen 
to be floating on the lead. The latter begins to oxidize? and the lith- 
arge produced in turn oxidizes th(‘ sulphides in the ore, assisted by the 
oxygen of the air. The temperature at this point must be low in 
order to prevent volatilization of gold and silver. The ore is not pro- 
tected by a large bulk of fluxes as it is in the crucible assay. As the 
oxidation proceeds a ring of slag, mainly litharge, begins to form 
around the bath of lead. The ore gradually disappears, the gold and 
silver going into the molten lead and the gangue combining with or 
dissolving in the litharge. Owing to the str/jug oxidizing conditions, 
most of the copper and practically all of the antimony present go 
into the slag. As the ring of slag increases the temperature is raised. 
Finally, the lead becomes completely covered, and the muffle door 
is closed in order that the slag may become thoroughly liquid. The con- 
tents of the scorifiers is then poured into conical moulds, as in the 
case of the crucible fusions. The lead buttons should weigh from 15 
to 20 grams. Very small buttons usually mean low results. With 
high copper material it is sometimes necessary to scorify two or three 
times and to use a large amount of lead. The buttons are cleaned 
and cupelled in the usual way. 

The scorification assay is not adapted to ores containing volatile 
constituents, such as tcllurides, arsenides and metallic zinc. Car- 
bonates and highly oxidized ores are also unsuited to this method. If 
the ore contains much basic gangue it should not be scorihed, as there 
is not enough acid flux to take care of it. I^ow grade gold ores are 
not usually assayed by scorification because of the small amount of 
ore taken. In practice* the method is limited to ores and metallur- 
gical products ^containing considerable quantities of antimony, copper, 
nickel and cobalt. It is a standard method for the assay of copper 
matte. Scorification is also sometimes used to reduce the size of and 
to purify lead buttons produced in the crucible method. 

Cupellation. — Cupellation is the process by which the gold and 
silver are separated from the lead and other base metals with which 
they are alloyed. The cupels have already been described. They 
must be thoroughly dry and kom^what heavier than the lead buttons 
that are to be cupelled. A bone ash cupel will absorb about its own 
weight of litharge, but the absorption becon^es slower when the satu- 
ration point is approached. 

In the cupellation process the lead is oxidized to litharge which 
is taken into the pores of the cupel by capillary attraction. This 
takes place because litharge is molten at the temperature of the oper- 
ation. Most of the other base metal oxides are infusible at this tem- 
perature. When in moderate amounts, however, they dissolve in the 
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liquid litharge and are carried into the cupel. If the lead contains 
much copper and antimony the oxides of these latter metals ao* 
cumulate on the cupel and may ruin the assay. Hence the need for 
scorification in 'these .cases. 

The cupels should be heated in the muffle for at least 20 minutes 
before putting in the lead buttons. Cupellations are best started at 
a bright red heat, say about 900® C. A*s soon as the buttons are put 
into the cupels the muffle door should be closed. If the tempera- 
ture is too low an infusible oxide will form on the lead as soon as the 
latter is melted and refuse to go into the cupel. The disappearance 
of this film of oxide on further heating is referred to as the opening ” 
or “ uncovering ” of the lead. Sometimes it is necessary to hasten the 
opening by means of a burning stick of wood placed immediately 
over the cupel. This reduces the oxide and at the same time raises 
the temperature. When all of the cupellations are uncovered the 
muffle door is opened and the temperature lowered rapidly to the 
lowest possible point at w,hich the operation can proceed. This must 
be done because a temperature higher than necessary increases the 
loss of gold and silver. This loss occun-s by absorption into the cupel 
and by volatilization. If the temperature falls roo low the buttons 
“freeze”; that is, the litharge which melts at 8S3® C., solidifies on 
top of the li(iuid lead, which melts at 327® C., and the operation stops. 

At first thought it would seem that a temperature slightly above 
883® C. would be the pro})er one for cupellation. As a matter of 
fact the temperature of the muffle need not be above 750° C. This is 
due to the fact that the oxidation of the lead gcuierates a considerable 
amount of heat, and the buttons are thus hotter than either the muffle 
or the cupels. A good indication of the right cupellation temperature 
is the formation of solid flakes of litharge, known as “feathers” upon 
the yiner edge of the (uii)els. The volatilized Jitharge strikes the com- 
paratively cool bone ash and sublimes as flake crystals. 

The presence of impurities usually increases the h^ss of gold and 
silver, and* adds to the difficulties of the operation. Copper or nickel 
in quantity may cause thef buttons to freeze even at moderately high 
temperatures. Antimony causes the formation* of a hard, inifusible 
crust of lead antimonate which retains silver and which often splits 
the top of the cupel. 

The surface of the lead in the cupel ^is convex, owing to the high 
surface tension of the metal. During cu{>ellation the drops of 
molten litharge can be seen rolling off of the lead and disappearing 
into the cupel. The surft^ce tensfon of the melted litharge is less 
than the attractive force of the bone ash. In scorification, where 
the vessel is not porous, the litharge froms a concave surface and 
climbs up the sides of the scorifier. This explains in part the iigh 
gold losses in the cupellation of lead containing gold and tellurium. 
Some of the gold telluride passes into the cupel just as in the caffe of 
^tharge. Gold telluride is also more volatile than metallic gold. ‘ 
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As the operation proceeds the lead and other base metals gradually 
exidize and disappear. Copper and bismuth are less readily oxidized 
than lead, and hence tend to remain until most of the lead has gone. 
The temperature should be raised slightly at tljis point in order to 
prevent the buttons from solidifying before the base metals are com- 
pletely oxidized. Small amounts of these metals usually remain, 
even in a well conducted cupellation. The melting point of gold 
and silver being considerably higher than the temperature of the 
muffle, the buttons solidify soon after the base metals are gone. 
At the moment of solidification the buttons flash or “ blick,’' owing 
to the release of tlic latent heat of fusion. If the buttons are large 
and consist mainly of silver they may sprout'^ or on being 

withdrawn quickly. This is due to dissolved oxygen which escapes 
when the button solidifies. The sprouting* may be prevented by 
covering the silver button with a hot inverted cujiel as soon as the 
cupellation is finished, and allowing the covered cupel to remain in 
the muffle for several minutes. This insures a slow cooling of the 
silver bead. After cooling the buttons are removed fropi the cupel by 
means of forceps and the adhering bone ash brushed off. The buttons 
are then weighed on an assay balance to the nearest one-tenth of a 
milligram. If a half assay-ton of ore was used the results multi- 
plied by two equal the ounces per ton of combined gold and silver. 

Cupellation involves the greatest ])recious metal losses of all the 
processes in fire assaying. For that reason it must be conducted 
with care and skill. The loss in silver ranges from 1 to 2 per cent, 
even under favorable conditions. If there arc large amounts of im- 
purities, or if a very high temperature is used, the silver loss may be 
several times as great. The gold loss is less than that of silver and 
should not be more than J of 1 per cent. In all cases the percentage 
losses of gold and silver, increase as the amounts in the ore decrease. 

Parting. — Parting is the separation of gold from silver in an alloy 
containing these metals, and is effected in fire assaying by means of 
nitric acid. This acid converts the silver^ into soluble silver nitrate, 
but is almost without action upon the gold. In order to part readily 
the alloy must contain at least three times as much silver as gold. 
Even at this ratio it is difficult to dissolve all of the silver. In prac- 
tice, it is better to have a much larger proi)ortion of silver, except 
in the assay of gold and silver bullion. If the buttons produced in 
the assay of an ore are known to contain enough gold to render parting 
difficult or impossible they are subjected to the process known as 
inquartation. The buttons after \teighing ^are wrapped with about 10 
times their weight of pure silver foil in 3 to 5 grams of sheet lead and 
then cupelled. The resulting buttons are flattened and parted in the 
usual manner. 

An important point in parting is the strength of the acid. If a 
strong acid is used at first the gold in the button is liable to break 
up into a fine powder which is difficult to manage without loss. By 
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using a rather weak acid, containing from 10 to 20 per cent of HNOa, 
the gold has a tendency to coalesce into a coherent mass which can 
be washed and weighed as one piece. The treatment with weak acid 
is always followed by one with a stronger acid, in order to remove 
the last traces of silver. The second acid should be about 1.26 sp.gr., 
made by diluting the concentrated acid with its own volume of water. 
In the case of buttons containing a ^mall proportion of gold, the 
first acid should be very weak, not more than 10 per cent HNO 3 . 
With more gold a stronger acid can be used, although the weak acid is 
usually effective, cxcef)t when the buttons arc very large. 

The parting may be done in porcelain capsules or in small glass 
flasks, known as parting flasks. Only a few cubic centimeters of acid 
are necessary. This should be heated to boiling and the flattened 
beads then dropped into* it. Solution of the silver begins immediately. 
At the end of about 20 minutes, or when all visible action havS 
ceased, the weak acid solution is d(*cant.cd into a white casserole, carefully 
avoiding the loss of any gold. About 8 cubic centimeters of the 
stronger acid is now added to each flask or capsule and then heated 
almost to the boiling point. The hcal^ing is continued for at least 10 
minutes, when all of the silver should be in softition. The acid is 
then poured off and the gold washed three times by decantation with 
chlorine-free water. If ca])sules are used the water is drained out as 
completely as possible and tlie capsules then placed on a hot plate 
or in front of the muffle for drying. If parting flasks are used a fire 
clay annealing cup is inverted over the top of each comjiletely filled 
flask and the flask then quickly reversed, allowing the gold to fall 
quietly into the annealing cup. After removing the flask by a quick 
side motion,* the water is poured off of the gold and the cup placed 
on the hot plate. The final process is known as annealing. The 
capfgiles or annealing cups are placed in t^e muffle and heated to 
low redness for about 5 minutes. The heating causes the brownish- 
black spongy or fibrous gold to coalesce into a dens^ flake or bead 
having thfj characteristic ^^ellow color of the metal. The annealing 
also serves to drive off an 5 ^ volatile impurities which may be present, 
and to render it easier to separate any specks of^ dust or dirt from the 
gold. After cooling the gold is weighed on a delicate balance to the 
nearest .01 milligram — with a little care to the nearest .005 milli- 
gram. The weight of the gold is deducted from the weight of the 
button before parting and the difference represents the silver in the 
portion taken for assay. 
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r THE ASSAY OF BULLION 

Bullion is an alloy of gold and silver with variable amounts of 
one or more of the base metals, and is the semi-final product of most 
non-ferrous metallurgical plants. In lead smelting this product is 
usually known as base bulliqn, in c()j)per smelting as blister copper, 
and in amalgamation anti cyanide processes as retort bidlion or 
dor6 silver. The base metals may include antimony, arsenic, bis- 
muth, cobalt, copper, lead, mercury, nickel and zinc. Small amounts 
of selenium and tellurium are usually present, as well as traces of the 
platinum group of metals. In all cases the assay of bullion resolves 
itself into a problem of the separation of metals from each other, 
there being practically no nou-mctallic elements present. 

BuUion Sampling. — The sampling of bullion involves some diffi- 
culties not encountered in the sampling of ores. Most alloys on solidi- 
fying segregate to some extent, so that the cooled metal is never uni- 
form in composition. Whenever possible the samples should be taken 
from the thoroughly stirred molten alloy and then chilled quickly, either 
by pouring into wiater or by pouring into small moulds with thick 
metals sides and bottoms. When there is danger of oxidation this 
method of course is not entirely satisfactory. In impure bullion there 
is often a very uneven distribution of the gold and silver, and it is 
necessary to drill or saw entirely through the bar in order to obtain 
accurate results. In copper anode plates and other forms of blister 
copper the plates or bars are drilled in scries, so that the combined 
sample represents a proper percentage of drillings from all parts of 
each piece. Lead bullion is sometimes sampled in a similar manner, 
although in this case the bars are usually punched instead of being 
drilled. The modern tendency is to take melted samples of all metallic 
products, even in the cfase of blister copper. 

The Assay of Lead Bullion. — The assay of lead bullion ordi- 
narily involved only cupellation and parting. The bullipn is often 
impure, however, and it may then be advisable to scorify the weighed 
portions before cupelling. If the sample contains much copper or 
antimony it should always be scorified. The precious metal loss 
in scorification is less than it is in cupellation, especially in the 
case of an impure bullion requiring a high temperature in order to 
cupel it. 

Lead bullion is usually run in four portions of one half assay-ton 
each* The four silver buttons are weighed separately and if there is 
a satisfactory agreement in the weights the average is taken and the 
result multiplied by two. The buttons are parted in pairs, thus sav- 
ing’* time in washing and weighing. Great care should be exercised 
in the cupellation of lead bullion and in the subsequent parting, as 
the^foullion is a higb grade product, and ordinarily no correction is 
made for losses in the cupel or ot|jerwise. 
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The Assay of Copper Bullion. — C/opper bullion may be assayed 
by the scorification method, but the results are satisfactory only ir^ 
the case of the gold. The silver obtained is always much too low. 
Most of the loss can be recovered by assaying the slag and cupels, but 
this requires additional time and materials. 

The best way to determine gold and silver in copper bullion is to 
use the so-called combination method, ‘in which the copper is first 
removed by solution in acid. Formerly nitric acid was used for this 
purpose, but it was found that the results were usually low in gold. 
There was a tendency for some of the gold to go into solution. The 
nitric acid method is a convenient way of determining the silver, as 
the copper dissolves very rapidly in nitric acid, and the precipita- 
tion of silver as chloride is very complete. 

For the assay of both gold and silver the sulphuric acid-mercuric 
nitrate method is recommended. One assay-ton of the finely-ground, 
well mixed copper borings is treated in a large beaker with 30 cc. of 
water and 10 cc. of a solution of mercuric nitrate containing 25 grains 
of mercury pe» liter. The beaker is well shaken so as to amalgamate 
the copper, and 100 cc. of concentral^id sulphuric acid then added. 
The beaker is covered, placed on a hot plate antf heated until all of 
the copper is dissolved. This will require from one to two hours, 
according to the temperature and fineness of the sample. The beaker 
is now removed and the solution is allowed to cool. 100 cc. of cold 
water are added, the mixture stirred, and then 400 cc. of boiling water 
added, with further stirring until all copper sulphate has dissolved. 
A solution of common salt is now added, just sufficient to precipitate 
all of the silver and mercury. Only a slight excess must he usecl, 
as silver chloride is soluble in strong .sodium chloride solution. The 
beaker is replaced on the hot plate and the contents boiled so as to 
coagulate the silver chloride. The beaker is .then removed, the solu- 
tion diluted to 600 cc. with cold water and allowed to cool. The solu- 
tion is then filtered through double filter papers, and the beaker and 
filter washed with hot water. The beaker should be wiped out with 
a filter paper and this addfed to the material in the filter. The filter 
and its contents are now transferred to a 2i incli glazed scorifier and 
the filter paper burned off at a low temperature, so as to avoid loss 
of silver. After the paper is burned off 30 grams of test lead are 
added and the material scorified until I 5 to 15 grams of lead remain. 
The scorifier is poured and the lead .button cupelled at as low a tem- 
perature as possible. The gold and silver are parted in the usual 
way. The results are very .accurate. 

The object of the mercuric nitrate is to hasten the solution of the 
copper by forming a galvanic couplg. It prevents also the formation 
of copper sulphide which is insoluble in dilute sulphuric acid. 

Assays should be made in duplicate or triplicate. 
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THE ASSAY OF GOLD AND SILVER BULLION 


In the fire assay of gold and silver bullion a corr,ection must al- 
ways be made for the metal losses, because of the great value of the 
bullion and because the relining losses on a commercial scale are 
considerably less than the loj^ses in assaying. The assays are, there- 
fore, always run with a check or “proof center.” The check is an 
artificial sample made u]) so as to have as nearly as possible the ex- 
act composition of the bullion to be assayed. Two checks and three 
portions of tlie bullion, all five of the same weight, are cupelled and 
parted under exactly the same conditions. The weights of gold and 
silver found in the bullion samples are then corrected by adding or 
subtracting the loss or gain experienced by the gold and silver in 
the checks. In th(‘ assay of gold bullion there is sometimes a gain in 
the weight of the gold, due to the iniiierfect elimination of the copper. 
This, however, should be the same in both che(;ks and bullion samples. 
Results are reported in “fineness” or parts ])er 1000. 

Silver Bullion or Dore Bu}lion Assay. — A sam})le of about 500 
milligrams of the bullion is a(^curat(‘ly weigh(‘d out on the assay balance. 
The weight need not be an Gvvn 500 milligrams but its exact amount 
should be recorded. The bullion is wrapped in from 6 to 8 grams 
of sheet lead and cupelled with the formation of feathers of litharge. 
The button is covered with a hot cupel to prevent sprouting. The 
cupel and button are drawn out of the muffle gradually, and the but- 
ton is then cleaned, flattened and parted in the usual way. To the 
weight of the silver a loss of from 1 to IJ per cent is added. The 
weight of the eoniparatively small amount of gold can«>be taken as 
it is. The weight of tlie original button, less the sum of the cor- 
rected silver weight and the weight of the gold, represents the amount 
of base metal. This is itsually copper, but may be one or more 'of a 
number of other metals. The assayer can usually determine what 
metals are present by the appearance of the bullion and that of the 
cupel, ^ 

Two checks are now prepared by weigliing in each case pure gold, 
pure silver and pure copper or other base metal in the amounts 
as found in the preliminary assay just described. Three 500 milligram 
portions of the bullion are also weighed up. The checks and bullion 
samples are each wrapped in jln amount of sheet lead corresponding to 
that in the following table, taken from Bugbee’s “ Text-book of Fire 
Assaying”: * 

Lead Ratio in Cupellation 


Fineness of 
A.U. and Ag. 

050 
^ 900 
850 
800 


Wl. of lAml 

5 grants 

7 “ 

8 “ 

10 “ 


Fitwtiess of 
An. and Ag. 
750 
700 
050 
000 


Wl. of Leoi 

11 grams 

12 “ 

13 “ 

15 
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The table shows that as the base metal, usually copper, increases 
the amount of lead must be increased. ^ 

Cupellation is performed in a single row of cupels, all of the same 
size. The checks are placed in the second and fourth cupels. The 
heat should be kept low enough to allow of the formation of feathers 
of litharge until at the finish, when the temperature must be raised. 

The beads are cleaned, weighed, .flattened and parted. The 
amount of gold and silver loss in the checks is determined and the 
proper correction applied to the weights of gold and silver found in 
the bullion samples. 

If the bullion contains antimony the proc(»ss must include scori- 
fication, which is applied to checks and samples as well. When bis- 
muth, selenium or tellurium is present in (piantity the silver must be 
separated by means of ^solution in nitric acid and subsequent pre- 
cipit.ation as chloride. 

Gold Bullion Assay. — The assay of gold bullion is in principle the 
same as that of silver bullion. As the gold is usually in excess of 
the silver, however, the process involves inquartation, with the use 
of a stronger first acid than when parj/ing ordinary silver buttons. 

U. S. Mint Method. ■— Sample portions of COO milligrams are 
taken for assay. A preliminary cupellation is made as in the case of 
dor6 bullion. The amount of silver to be added for the final assay is 
determined by the touchstone method. The cupelled gold and silver 
button is rubbed on a piece of black jasjier and the streak made com- 
pared with those made by alloys of known composition. This gives 
the fineness within 2 per cent, which is close enough. A ratio of 
silver to gold of 2 to 1 is used in making up the checks. If no copper 
is present, about 3 or 4 per cent, is added as it facilitates the removal 
of the last traces of lead in cupellation. The cupelled buttons are flat- 
tened by hammering, annealed at a red heat, and then passed through a 
pair flf jeweller's rolls, until they arc converted mto fillets about 2 J inches 
long and |inch wide. The fillets are again annealed and rolled up into 
“ cornets”^ or spirals. Sufficient space should be left between the 
turns to permit of easy cc^ntact with the acid. The parting is done 
by boiling for 10 minutes in nitric acid of 1.2S SJ).gr., and then trans- 
ferring to another vessel containing acid of the same strength and 
boiling for 10 minutes longer. The cornets are then washed three 
times with distilled water, dried, annealed and weighed. 

The proofs usually show a slight gain* in the weight of the gold, so 
that the correction is made by subtracting the gain from the average 
weight of the gold found in the sample portions. 

'The gold after parting khould be in one piece and have smooth 
edges, as otherwise there is danger of loss. 
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THE ASSAY OF CYANIDE SOLUTIONS 

I 

A number of methods have been devised for the determination of 
gold and silver in cyanide solutions. Only two of these methods will 
be described here. 

Evaporation in Lead Tray. — This method is adapted to cyanide 
solutions containing only small amounts of base metals or other 
impurities. A small tray or boat is made of lead foil, capable of hold- 
ing the amount of solution to be assayed. A wooden block or 'form 
is used to make the trays if many assays are required. The solution 
has about the same specific gravity as water, so that 29.2 cc. are as- 
sumed to be equal to an assay-ton. An amount of solution varying 
with its richness is put into the lead tray and slowly evaporated to 
dryness on the hot plate. The lead tray is then folded up and cupelled 
in the usual manner. 

The Chiddey Method. — This method, first described by Alfred 
Chiddey, is adapted to almost every grade and character of cyanide 
solutions. ^ 

From 1 to 20 assay-tons /)f solution are heated in a beaker or 
evaporating dish. the solution is added from 10 to 20 cc. of a 10 
per cent solution of lead acetate containing 40 cc. of acetic acid 
per liter. From J to 2 grams of zinc dust or zinc shavings is then 
added. The gold, silver and lead immediately begin to precipi- 
tate on the zinc. The solution is heated for about 20 to 25 minutes, 
but not to boiling. The lead should coalesce into a spongy mass. 
Boiling the solution is liable to break up the sponge. The excess 
zinc is now dissolved by adding slov^ly 20 cc. of hydrochloric acid 
of 1.12 sp.gr. The heating is continued until efferveffcence ceases. 
It may be necessary to stir slightly in order to make sure that all 
zinc is dissolved. The solution is now decanted off and the lead 
sponge washed two or Ihree times with water. The excess water is 
squeezed out of the sponge with the fingers, the sponge further dried 
by pressing between filler paper and then. rolled into a ball with lead 
foil and the necessary silver for parting. A hole should be left in the 
lead foil for the escape of steam. The ball is then dried and cupelled. 

As the lead sponge begins to break up and go into solution as 
soon as all of the zinc is dissolved no time should be lost in de- 
canting the solution after the zinc has disappeared. 

Special Methods of Assky. 7- There are many ores and metal- 
lurgical products that require special methods for the determina- 
tion of the gold and silver that* they contain. It is impossible to 
refer to these methods here. A knowledge of the composition of 
the sample, however, will usually enable the skilled assayer to so 
modify the ordinary processes as* to obtain satisfactory results. 

For further details in regard to standard and special methods of 
fire •assaying the reader is referred to such works as *^A Manual of 
Fire Assaying,” by Chas. H. Fulton, published in 1911, and ‘'A Text- 
book of Fire Assaying, ”ttby Edward E. Bugbee, published in 1922.* 
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METHODS FOR ANALYSIS OF COAL 

• 

Such tremendous value attaches in boiler-room economy to the 
character of the fuel that the purchase of coal upon the results of 
laboratory analysis has grown in importance. Specifications have 
been drawn with such exact requirements that fairness to the coal 
contractor requires that only exact methods of analysis be employed. 

• SAMPLING 

In order that the laboratory sample shall be representative of the 
delivery, great care must be taken, however; the personal clement 
should be eliminated as far as possible. When possible, coal should 
be delivered by chutes and a shovetful taken at regular intervals 
throughout the delivery. If delivered in wagoift a portion should 
be taken from each wagon load. Boat loads are best sampled while 
being loaded or unloaded If a pile of coal must be sampled, por- 
tions should be taken from all sides, toj) and bottom. The gross 
sample should jireferably be 200 iiounds for deliveries up to 100 
tons and one-tenth of 1 C; of the amount delivered for quantities 
over 100 tons. Larger sizes shouhl be crushed to at least pea size 
(about I in.) and preferably under. The gross sample should be 
thoroughly niixed with a shovel, piled up, and <piartered. Oppo- 
site quarters should then be mixed, piled up and (piartored again and 
this «ta)ntinued until a sample of about 5 pqunds is obtained. This 
sample should then be forwarded to the labrjratory in a sealed mois- 
ture-tight container. The most satisfactory container is one made 
of galvanised iron, to prevent rusting, cylindrical in shape with 
screw cap flush with the sides. A convenient size is 6 in. in diameter 
by 8 in. in height. Such a can is readily cleaned and sealed. Seal- 
ing is conveniently made by pasting a strip of paper around the can 
over the joint, or by means of wax and an impression seal. 

• 

PREPARATION OF SAlVfPLE FOR ANALYSIS 

The laboratory sample should first receive a number which should 
follow the sample through all phases of preparation in order, to avoid 
confusion. The whole sample, when received at the Iabora^)ry, 
should be crushed to 4 mesh size or less. The Chipmunk Jaw Crusher 
is rapid and easily cleaned, as one jaw is removable. If too wet to 
crush, causing clogging of the crusher, the whole sample shoula be 
drled^on the steam bath, the moisture so l^st determined and addejd 



METALLURGICAL ANALYSIS 


^^0 


to the analytical moisture later determined on tlie pulverized sample. 
•Shallow agateware pans large enough to take the complete sample 
are convenient and should set in largo holes on the steam bath, so 
that the body of the pan is exposed to the steam' and drying is 
hastened. A few hours only are necessary. The U. S. Bureau of 
Mines dries in a special oven with a current of dried air at 30-35® 
C., but this occasions a deluy of twelve to ninety-six hours. The 




Fig. 132.- -Illustrates Method of Quartering Coal, Ball Mill for Pulverizing, 
and Suetion Ventilator. 

crushed sample should be mixecj and quartered, preferably by hand. 
This is best and most rapidly done in the old-fashioned way by rais- 
ing alternately the corners of a large piece of oilcloth or rubber sheet. 
The pile may be quickly quartered by two V-shaped pieces of gal- 
vanized iron to cut and pull away opposite quarters. The remain- 
ing^quarters should be again mixe'd and quartered in the same way and 
the process continued until a 100 gram representative portion is ob- 
tairi^d. The discarded quarters should be returned to the can to 
be retained in case a record analysis is desired. Such check analysis 
• « * 
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should always be made upon a freshly quartered and pulverized sample 
of the remaining portions of the original gross laboratory sample. • 

The 100 gram sample should then be pulverized in an Abb4 Ball 
Mill for three-quarters of an hour. The jar should be nearly full to 
produce the most rapid pulverization, that is, contain the full charge 
of pebbles, about 10 pounds for the 9 in. jar. The speed of revo- 
lution should be 00 per minute. Natuml flint pebbles are least ab- 
raded and produce no appreciable effect upon the ash. The ball mill 
has two distinct advantages. It conserves the moisture of the coal 
and it pulverizes so tine that the coal will usually all pass a 00 mesh 
screen and a large part the 100 mesh screen. This greater fineness 
prevents incomplete combustion of anthracite coal in the bomb de- 
termination to be described later. The pebbles and coal should 
then be dumped on a hovered ash-sifter resting on the oilcloth or 
rubber sheet, shaken quickly and pebbles and sifter brushed clean* 
The sample should then be passed through the 60 mesh screen and 
brushed at once into a moisture tight container. Any material re- 
tained on the •60 mesh screen, which occasionally happens, should be 
quickly pulverized in a small steel miortar. One-half pint, glass- 
covered lightning jars are convenient for containefs. 

As the dust in coal sampling is so fine as to penetrate through the 
clothing to the skin, it is wise to use an aspirator to protect the 
lungs and also use a suction ventilator to keep the air fresh and 
clean. The suction should connect with small hoods over the crusher 
and over the quartering table. 
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• METHODS OF ANALYSIS 

Moisture. — Moisture may be accurately determined on a 10- 
gram sample heated for one hour at 105° C. Close checks will be 
obtained and weighing is rapid, as the weight need only be taken to 
the nearest milligram. Glass evaporating dishes of 2J in. diameter 
are convenient for this determination. The Beans electric thermo- 
regulator for gas has been found very satisfactory for oven regu- 
lation, as the oven may be heated rapidly and will quickly come to 
adjustment. The Freas oven is an excellent electric type. 

Most laboratories employ a 1-gram sample, however, and later 
use the residue for ash determination. The Bureau of Mines uses a 



Fig. 133. — V. C. M. Apparatus 
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Special drying oven and a specially prepared sample for moisture. 
The 4 mesh sample is crushed in a roll or coffee-mill crusher to 20- 
mesh, and bottled quickly without sieving. 

Ash. — The ash represents the mineral matter in coal after ig- 
nition. No attempt is made in common practice to calculate the 
original form of the constituents. It ys best determined upon a 
separate portion of coal, and preferably in silica crucibles, as the 
weiy on ^atinum is considerable. Heating should be slow and care* 
fuj at first, to avoid loss from volatile matter and to avoid the effect 
of coking. Later the contents should be stirred with a platinum 
wir^to facilitate combustion, not neglecting to tap the wire free from 
ash. The silica crucibles shoulc^ rest on silica or nichrome triangles. 
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Some laboratories employ a muffle furnace and others an electric 
furnace. • 

The residue from moisture may be used ‘for ash determination^ 
but the residue from volatile combustible matter should not be so 
used, as there is* danger of mechanical loss of ash in the rapid heat- 
ing, and the accuracy of the ash-figure is far more important than 
the volatile combustible matter, 

A 1 gram sample is ii.sed for the asli determination. 

Vola^e Combustible Matter. — This determination is entirely em- 
pirical and should be performed under strictly standard conditions. 
The determination is made upon a 1 gram sample heated for seven 
minutes, timed by a stopwatch, in a platinum crucible of 25-30 cc. 
capacity, and with tight-fitting cover. The crucible and cover should 
be kept brightly polishdd. A special apparatus should be arranged. 
Construct a cylinder of asbestos or galvanized iron to protect the flame 
and crucible. Connect an adjustable Meeker burner (Scimatco type 
is preferable) with a IJ-tube to measure the gas pressure. Arrange a 
platinum wir^ from a triangle to support the bottom of the crucible 
always at the same distance from the burner. ^ 

Calibrate the apparatus by adjusting the burner and pressure so 
that the crucible is entirely surrounded by the flame and the tem- 
perature is about 950° C. This may be determined most conveniently 
by the fusing-point of potassium chromate. Note the gas pressure 
required and in the analysis set the gas at this pressure. In this 
way close checks may conveniently be obtained when the right con- 
ditions have been determined. 

The loss, in weight minus the moisture is the volatile combustible 
matter. 

A 10-20 cc. crucible has recently been advocated to reduce the 
efFeat of oxidation by oxygen in the crucible. Several different 
schemes have been advocated in order to obtain uniform results. 
An electric furnace is used by some. Any method is empirical, as 
the determination does n5t represent any very definite constituent 
of the coal. Originally intended as a measure, of coking ability the 
V.C.M. is now mainly a means of discriminating between different 
kinds of coal and as a means of keeping within the smoke ordinances. 

Volatile Sulphur. — The total sulphur in a coal is of little im- 
portance. If desired, it may be determined by the well-known Eschka 
method. The volatile sulphur is of great importance both in its bear- 
ing upon fusibility by indicating tjie presence of pyrites in the coal 
and in its relation to corrosion by the formation of sulphurous 
acid. 

Volatile sulphur is determined* in the bomb washings aft^r a 
calorific determination. These washings are filtered if necessary and 
titrated for acidity for one of the corrections in the calorific calcula- 
tion. The sulphur is then determined most rapidly and conveniently 
Jack.son Candle Turbidimctc!-. . ^ ^ 
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‘‘ The titrated solution is made up to 200 cc. The amount of 
ticidity found is used as a guide in selecting the aliquot for the sul- 
phur determination. In the case of anthracite coals, the amount 
taken is one-fourth to one-half; in the case of soft coals from one- 
fourth to one-tenth of the whole.” 

TuRBlDltHETEtlC SuLPHUR TaDLE 
For use with Jackson’s candlo turbidimeter 


Sulphur and SO3 contained in 100 cc. precipitated 


Depth 

Cm. 

s. 

Mr 

so, 

Mb. 

Depth, 

Cm. 

.s 

Mk 

.‘^0, 

Mb 

Depth 

Cm. 

S. 

Me 

80a. 

Me. 

1 0 

20 0 

50 0 

5 0 

3 t)<) 

9 15 

9 0 

2 30 

5 75 

1 1 

18 0 

45 0 

5 1 

3 (30 

9 00 ' 

9 1 

2 28 

5.70 

1 2 

16 5 

41 3 

5 2 

3 54 

8 85 

9 2 

2.26 

5 65 

1 \i 

15 0 

37 5 

5 .3 

3 49 

8 73 

9 3 

2 25 

5 63 

1.4 

13 5 

33 8 

5 4 

3 43 

8 58 

9 4 

2.23 

5 58 

1 5 

12 5 

31 3 

5 5 

3 38 

8 45 

9 5 

2 21 

5 53 

1 6 

11 2 

28 0 

5 (3 

3 33 

8 33 

9 0 

f 19 

5 48 

1 7 

10 0 

25 0 

5 7 

• 3 28 

8 20 

ft 7 

2.18 

5 45 

1 8 

9 5 

2f 8 

5 K 

3 24 

8 10 

9 8 

2.10 

5 40 

1 0 

9 0 

22.5 

5 <1 

3 20 

8 00 

9.9 

2 15 

5 38 

2 0 

8.5 

21 3 

(3 0 

3 15 

7 88 

10 0 

2 13 

5 33 

2 1 

8 0 

20 0 

(5 1 

3 11 

7 78 

10 1 

2,11 

5 28 

2 2 

7 6 

1ft 0 

(3 2 

3 07 

7 08 

10 2 

2 10 

5 25 

2 8 

7 3 

18 3 

0 3 

3.03 

7 58 

10 3 

2.09 

5.23 

2 4 

7 0 

17 5 

0 4 

2 99 

7 48 

10 4 

2 07 

5 18 

2 5 

6 7 

10 8 

6 5 

2 95 

7 38 

10 5 

2.00 

5.15 

2 0 

6 5 

10 3 

6 0 

2 92 

7.30 

10 0 

2.04 

5 10 

2.7 

C 3 

15 8 

(3 7 

‘ 2 88 

7 20 

10 7 

2.06 

5 08 

2 8 

6 1 

15 3 

(3 8 

2 85 

7.13 

10 8 

2 02 

5 05 

2 9 

5.9 

14 8 

C 9 

2 82 

7.05 

10 9 

2 01 

5 03 

3 0 

5 7 

14 3 

• 7 0 

2 79 

6 98 

11 0 

2 00 

5 00 

3 1 

5.5 

13 8 

7 1 

2 70 

6 90 

11 1 

1.98 

4.95 

3.2 

54 , 

13 5 

7 2 

2 73 

0 83 

11 2 

1 97 

4 93 

3.3 

5 2 

13.0 

7 3 

2 70 

0 75 

11 3 

1 95 • 

4.88 

3 4 

5.1 

12.8 

7 4 

2 07 

0 6& 

11.4 

1 94 

4.85 

3 5 

6.0 

12.5* 

7.5 

2 04 

6 60 

11 5 

1.93 

4 83 

3.0 

4.85 

12 25 

7 0 

2 61 

6 63 

11 C 

1 92 

4 8Q 

3.7 

4.75 

12 00 

7.7 

2 5ft 

0 48 

11 7 

1.91 

4.78 

3.8 

4.03 

11 75 

7.8 

2 56 

C 40 

11 8 

1.90 

4.75 

3 9 

4.52 

11.50 

7.9, 

2.54 

6 35 

11.9 

1.89 

4.73 

4.0 

4.43 

11 25 

8.0 

14 51 

6.28 

12.0 

1.88 

4 70 

4.1 

4.33 

. 11.00 

8.1 

2 49 

6 23 

12.1 

1.87 

4 68 

4.2 

4.24 

10.75 

8 2 

2.47 

G 18 

12 2 

1.86 

4.65 

4.3 

4.10 

10.50 

8 3 

2 44 

0.10 

12 3 

1.85 

4 63 

4 4 

4.08 

10.25 

* 8 4 

2 42 

0 05 

12.4 

1.84 

4 60 

^ 5 

4.00 

10,00 

8 5 

2,40 

0.00 

12.5 

1.83 

4.58 

4 C 

3.93 

9.83 

8 6 

2 38 

5.95 

12. C 

1.82 

4 55 

4 7 

3.86 

9.05 

8 7 

2 30 

5 fR) 

12.7 

1.81 

4.53 

«.S 

3.79 

9,48 

8 8 

2 34 

5 85 

12 8 

1.80 

4.50 

4 9 

3.72 

9.30 

8,9 

-r9 

2.3J 

5 80 

12.9 

1.79 

4.48 
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Turbidimetric Sulphur Table. — Continued 


Cm 


■1 

Wsm 

IIQI 

m 

BO*. 

Mg. 

D <' pth . 

Cm 

'HPH 


13 0 

1 78 

*4 45 

17 1 

1 40 

3.73 

21 1 

1 24 

3 10 

13.1 

1 77 

4 43 

17 2 

1 49 

3,73 

21.2 

1 23 

3.08 

13 2 

1 76 

4 40 

17 3 

1 48 

3 70 

21 3 

1 23 

3 08 

13 3 

1 75 

4 38 

17 4 

1 47 

3 68 

21 4 

1.22 

3.05 

13 4 

1 74 

4 35 

17 5 

1.47 

3 68 

21 5 

1 21 

3 03 

13 5 

1 73 

4 33 

17 6 

1 46 

3 65 

21 6 

1.21 

3 03 

13 6 

1 73 

4 33 

17 7 

1 45 

3 63 

21 7 

1 20 

3 00 

13,7 

1 72 

4 30 

17 8 

1 44 

3 60 

21 8 

1 20 

3.00 

13 8 

1 71 

4 28 

17 9 

1 44 

3 60 

21.0 

1 19 

2 98 

13 9 

1 70 

4 25 

18 0 

1 43 

3 58 

22 0 

1 18 

2 95 

14 0 

1 70 

4 25 

'18 1 

1 43 

3 58 

22 1 

1 18 

2 95 

14 1 

1 09 

4 23 

18 2 

1 42 

3 55 

22 2 

1-17 

2.93 

14 2 

1 68 

4 20 

18 3 

1 41 

3 53 

22 3 

1 16 

2 90 

14 3 

1 67 

4 IS 

IS 4 

1 41 

3 53 

22.4 

1 16 

2.90 

14 4 

1 66 , 

4 15 

18 5 

1 40 

3 50 

22 5 

1 15 

2 88 

14 5 

1 06 

4 15 

18 6 

1 40 

^ 3 50 

22 6 

1.15 

2 88 

14 6 

1 05 

4 13 

18 7 

1 39 

3 48 

22 9 

1.14 

2 85 

14 7 

1 04 

4 10 

18 8 

1 38 

3 45 

22,8 

1 13 

2 83 

14 8 

1 03 

4 OK 

18 9 

1 38 

3 45 

22 9 

1.13 

2 83 

14 9 

1 62 

4 05 

19 0 

1 37 

3 43 

23 0 

1 12 

2.80 

15 0 

1 02 

4 05 

10 1 

1 37 

3 43 

23 1 

1 11 

2 78 

15 1 

1 61 

4 03 

19 2 

1 36 

3 40 

23 2 

1.11 

2.78 

15 2 

1 00 

4 00 

10.3 

1 35 

3 38 

23 3 

1 10 

2.75 

15 3 

1 00 

4 00 

19 4 

1 35 

3 38 

23 4 

1 09 

2.73 

15 4 

1 50 

3 08 

19 5 

1 34 

3 35 

23.5 

1 08 

2.70 

15 5 

1 59 

3 98 

19 6 

1 34 

3 35 

23 6 

1.08 

2.70 

15 6 

1 58 

3 95 

19 7 

1 33 

3 33 

23.7 

1 07 

2.68 

15 7 

1 57 

3 93 

19 8 

1 32 

3 30 

23 8 

1 06 

2.65 

15«8 

1 57 1 

3 93 

19 9 

1.32 

3 30 

, 23 9 

1.05 

2 63 

15 9 

1 56 

3 90 

20 0 

1 31 

3 28 

24 0 

1 05 

2 63 

16.0 

1 56 

3 90 

20 1 

1 30 

3 25 

24.1 

,1 04 

2.60 

16 1 

1«55 

3 88 

20,2 

1 30 

3 25 

24 2 

1.03 

2.58 

16.2 

1 54 

3 85 

20,3 

1 29 

3 23 

24 3 

. 1.03 

2 58 

16 3 

1 64 

3 85 

20 4 

1 28 

3 20 

4 

1 02 

2.55 

16 4 

1 53 

3 83 

20 5 1 

1 28 

3 20 

24.5 

1.02 

2.55 

16 5 

1 53 

3 83 

20 6 

1 27 

3 18 

24.6 

1 01 i 

2,53 

16.6 

1 52 

3 80 

20 7 

1 26 

3 15 

24.7 

1 01 

2.53 

16,7 

1 52 

3 80 

20 8 

1 26 

3 15 

24.8 

1 00 

2.50 

16.8 

1 51 

3 78 

20 9 

‘ 1 25, 

3.13 

24 0 

1 00 

2 50 

16 9 

17 0 

1 50 

1 50 

3 75 

3 75 

21.0 

1 25 

• 

3.13 

I 

25.0 

1.00 

2.60 


“ The aliquot of the solution to be tested is measured into* the 
turbidimeter tube, diluted to near the 100 cc. mark, shaken, then 
acidified with 1 cc. of (1: 1) hydrochloric acid, made up to the niark, 

ajid mixed well by shaking. A * l^arium chloride tablet weighing 

^ * # • 
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1 gram ^ and compressed without the use of a binder is then dropped 
In and the tube closed by means of a clean rubber stopper. The 
tube is then tilted up and down, causing the tablet to roll back and 
forth through the solution by gravity. 

** When the precipitation appears to be complete, *the remainder o^ 
the tablet may be dissolved by rapidly rotating the tube; but violenti 
shaking should be avoided, since it would have a tendency to cause\ 
aggregation of the precipitate. The turbid liquid is then trans-\ 
ferred to a beaker, the candle lighted, a small quantity of the liquid \ 
poured into the glass tube to prevent overheating and cracking, and \ 
the tube put in place. More of the liquid is then poured in, allow- \ 
ing it to run down the side of the tube, rapidly at first, until the 
image of the flame becomes dim, then more slowly, waiting a moment 
after each addition until the liquid in the tuSe is qqiet, and continu- 
ing thus until the image of the flame just disappears. The depth 
of the liquid in centimeters is n^ed. The mixture is then returned 
to the beaker, poured back and forth from beaker to tube two or 
three times, and read again as before. * 

“ The precipitat|^d solution ‘is read at least twice, and the read- 
ings usually check exactly, unless they fall in the upper part of the 
tube where they may differ by a centimeter without materially alter- 
ing the results. In this case readings may be averaged. The amount 
of sulphur corresponding to the depth of liquid in the tube is found in 
the table, and multiplied by the proper factor, depending on the 
aliquot of the original solution taken. 

“All dilutions must be made before precipitation, for otherwise the 
results will not be concordant for different dilutions. The average 
time required is ten minutes or less. The method carried out as 
described is accurate to about 0.05% sulphur.” 

Fixed Carbon. — Fixed carbon is found by adding the moisfl^ure, 
ash, and volatile matter together, and subtracting from 100%. 

Calorific Value. — Heat value is expressed as “ small calqrie (cal.),” 
the amount of heat required to raise the ’j;empcrature of 1 gram of 
water 1® C., “large calorie (Cal.),” the amount of heat required to 
raise the temperature of 1 kilogram of water 1® C., and “ British 
thermal unit (B.t.u.),” the amount of heat required to raise the 
temperature of 1 pound of water 1® F., at or near 39.1° F. Small 
calories per gram of coal multiplied by 1.8 equal B.t.u. per pound of 
coal. 

It is preferable to express results as B.t.u. per pound of dry coal, 
instead of coal as received, since comparison between different samples 
of coal and the results of different analysts and laboratories are 

t • 

^ On standing for some time, some of the tablets become coated with a thin 
layer of effloresced salt. This should be removed by gently rubbing between 
the fflfigers before using the tablet. It is not advisable to keep the tablets in 
a moist atmosphere to prevent this ciljorescence, as they become extremely 
hard and difficult to dissolve^ ^ ^ 
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facilitated. The other determinations except moisture are also better 
expressed on the dry basis. « 

As a check upon accuracy of work and to catch errors, results of 
B.t.u. should also be - calculated to B.t.u. per pound of combustible, 
that is, divide the B.t.u. dry basis by (100% minus the per cent of 
ash). For the same run of coal, this value changes but little, usually 
within 200 B.t.u. 

The calorific determination should be made by means of a bomb 
calorimeter. The platinum-lined Atwater type is convenient. The 
Emerson is more commonly used in this country. Fig. 134. 

One gram of the 60-mesh sample of coal prepared for analysis is 
weighed into a nickel capsule (28 mm. top width, 23 mm. bottom 



Fro. 134. Eraenson Calorimeter and Accessorios. 

1 


width, and 12 mm. depths in the bottom of which has been placed 
ail ignited disc of asbestos paper. The lattei' prevents incomplete 
combustion of anthracite coal by preventing chilling of the coal 
after combustion starts. In weighing large numbers of samples a 
piece of tared platinum foil is convenient and the coal transferred 
with a camel’s-hair brush into tlie nipkef capsule. The capsule is sup- 
ported on a platinum ring suspended by a platinum wire from the 
head of the bomb. A piece of iron* fuse wire, No. 34 B. &. S, gauge, 
and weighing 10 milligrams, is attached at one end to the wire sup- 
porting the tray and at the other end to another platinum wire ex- 
tending downward from the head,' but insulated from it. Atfiach- 
meat of the fuse wire is made by winding around the platinum wires 
several times. The center of the fuse wire should dip into the^coal 
slightly. A convenient method of obtaining pieces of fuse wire of 
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uniform weight is to wind around a flat piece of board or cardboard 
♦and cut the loops. 

The shell of the bomb is rinsed with water and sufficient mois- 
ture, one-half cc., is thus left to take up the acids formed by com- 
bustion. The head is next joined gas tight to the shell of the bomb 
by the collar. Lead gaskets render these joints tight. Oxygen gas 
is slowly introduced, so as not to blow the coal out of the pan, until 
about 21 atmospheres pressure is recorded in the bomb. The needle\ 
valve is then closed just tight enough to prevent leakage, the valve on\ 
the oxygen tank closed and the bomb disconnected. Twenty atmos- \ 
pheres pressure should remain in the bomb for the combustion, an \ 
amount sufficient for complete combustion of the coal and an amount 
containing sufficient nitrogen together with the nitrogen in the air 
trapped in the bomb to cause the sulphur to burn to sulphuric acid 
completely, unless the sulphur is unusually high. 

The bucket is filled with enough distilled water, about 3° C. below 
the room temperature, to make the water equivalent of the calorim- 
eter some round number, i.e., 2000 g. with Atwater, 2900 g. with 
Mahler, or 2350 g. with Kmeison. The water is best weighed on a 
balance, capable of delicacy with such heavy weights, and the amount 
of water should be sufficient to cover the bomb. The bomb is placed 
in its support and placed in the water in the bucket. The latter is 
set in the calorimeter, the stirrer added so as not to touch the bomb or 
bucket, covers applied and thermometer placed in the water and adjusted 
so that it can be read during the combustion. The thermometers should 
be special and standardized by the Bureau of Standards. The P'uess 
type of Beckmann is excellent. 

Connect the poles of six dry cells to the stem and insulated post 
of the bomb. Connection should be made with a button for firing 
the coal. It is also c(\nveiiient to have a small electric lamp- con- 
nected with the button to indicate that the batteries are in condition, 
before a run i^ started. 

The calorific determination should be made in a room protected 
from sudden changes ^of temperature and from draughts. If a current 
of air strikes the thermometer during a determination, the results 
will be untrustworthy. Mechanical stirring is preferable and should 
be at a moderate rate. The stirrer is started and after a couple of 
minutes or so, when condijjions have become uniform, the ther- 
mometer is read by means of a^ telescope and readings taken every 
one-half minute for six readings.^ Interpolate to the 0.001° C. A 
clock striking every half minute is convenient. After the sixth read- 
ing, fire the coal by pressing the button connected with the batteries 
and take approximate readings of, the thermometer every half minute, 
reading to the 0.001° C. as soon as the rise is slow enough to do so. 
After the maximum temperature has been reached, take six more 
read^gs at half-minute intervals. 
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Remove the bomb from the bucket and allow the gas to escape 
slowly. Disconnect the head and rinse out the bomb thoroughly^ 
Titrate the washings with N/10 sodium carbonate, using methyl 
orange as indicator. Determine the sulphur, after titration, with the 
turbidimeter as under Volatile Sulphur. 

Calculation of B.t.u. — The table on page 730 is an example of an 
actual determination, showing corrections as applied. 

Corrections must be applied to the thermometer in accordance 
with the certificate furnished for each thermometer by tlie Bureau of 
Standards, including the correction for temperature of setting of 
Beckman thermometers and emergent stem correction for others. 

The thermometer should also be fitted with a vibrator to over- 
come meniscus error. This is conveniently d()ne by arranging a small 
electric vibrator so that* the hammer hits the rubber-covered metal 
clamp supporting the thermmnetcr. The vibrator should, of course, 
be connected to a push-button and dry batteries. 

Correction must also be made for changes of temperature due 
to radiation. •A simple formula which yields results within 0.002® 
C. as compared with the more claboiatc formulas is the following: 


X (a -}- h) 
2 


-|- i/b - radiation correction. 


a = average preliminary [)eriod change per half minute; 
b = average final period change per half minute; 

X - number of half-minute intervals of combustion period during each 
of which the rise of temperature (expressed to the nearest 
0.01® C.) was greater than 10 of the total rise. This is readily 
seen by inspection; 

p - remaining number of half-minute intervals of combustion period. 

Xhe algebraic signs must be observed in tjie formula. 

The end of the combustion ppriod is taken as the first reading 
after the maximum temperature. The reason for this rests in the 
fact that Phe real maximum rarely occurs at a half-minute interval 
reading, as shown by a dfop during the first period after the maxi- 
mum temperature read, of less than the average final change. Cor- 
recting for an extra combustion interval counteracts this error. 

The nitrogen in the coal and in the air of the bomb forms nitric 
acid. This does not occur when coal is ^burned in the furnace, hence 
the bomb determination is too high Jby the amount of heat thus pro- 
duced. The calorific value of nitrogen burning to nitric acid is 230 
calories per gram of nitriy acid. * Each cubic centimeter of N/10 
sodium carbonate used in the titration represents 1.45 calories. 

Furthermore, sulphur in the furpace burns to the dioxide and in 
the bomb to the trioxide. This excess heat in the bomb must be de- 
ducted. Again, it should be remembered that all of the above acidity is 
not nitric but is partly sulphuric acid. This correction is conveniAitly 
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made by adding to the acidity correction (made as if it were all nitric 
iftcid) 13 calories for each 0.01 gram of sulphur. This represents the 
excess which the oxidation correction is over its expression as the for- 
mation of nitric acid as obtained from the titration. 

The correction for the iron fuse wire is 16 calories for each 10 millif 
grams. I 

NO. 1 BUCKWHEAT COAL 1 

Thermometer used (Ts), zero set at 20.4° C. 

Room Temperature 22.5° Atwater bomb. 


Acid found eciual 7.2 ce of N/IO NaaCO^ x 1.45 cal. 
Volatile sulphur (aliquot 1) S.6 cm. = .0(148 gram x 13 cal. 
Iron wire (10 milligrams) 


10.4 calorics 
0.2 calories. 
16.0 calorics 


Tlirnnoiiieter rfiidinjjfl, 
Half minute mteivalw 


f 0.979 
0.980 
0.980 ■ 

0 981 
0 983 
0 984 
0 986 

Average rise in temperature: 
m - .(K)14 


Prelimi- 

nary 

period 


Combus- 

tion 

period 


1 tiOO 
3 270 
4.050 


4.225 

4.267 

4.2<S 

4.279 

4.278 


Final 

period 


(4.273 
4.270 
4.268 
4.264 
[4.260 

Average fall in temperature: 

^ - .00.W 

O 


32.6 calorics 


Corrtictod tempc.ratun', end of 

combustion period 4.277 

Corrected temperature, end of 
preliminary period. . ... 0.986 


reci<*d for thermometer ealilira- 

tion 3,291 

Thermometer correction for sot- 
ting and room temperature ... + 0.022 


Apparent rise in temperatun*, cor- 
rected for thermometer sett mg . . 3.313 

Radiation correction : 

3(i:«±i±i»i«H),5(+.oo36) jjjrn 

Corrected rise in temperature 3.334 

Water equivalent (grams) 200(/ 

Calories (2000 x 3.334) 6668.0 

((lorreciion for aeidity, sulphur 
trioxide and iron 32,6 


Actual calories, coal as received. . 6635.4 

Calories (dry basis) 6635.4 -i- 

.9522 (100 - moisture) 6968. 5 

B.t 11 . per lb. of coal (dry basis) 

(6968.6 x 1.8) 12,543 

B.t.u. per lb. of combustible (dry 


basis) 12,543 + .842 (100% — 

" 14,897 


BT.tr 12,543 

V,C.M 7.7 

Ash.^ 15.8 % 

Vol. sulphur 0.48% 

Moisture 4.78 % 
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All other corrections arc met by staiidanlization under conditions 
similar to those under whicdi the calorimeter is to be used. Such 
errors arise from loss of heat by evaporation of water while stirring* 
(probably covered by the radiation correction), gain in heat due to 
combustible gascs^ in the oxygen, cliangcs in specific l»eat of water at 
various temperatures, changes in the gases present after combus- 
tion, and changes of pressure of the gj^^ses in the bomb. The last 
three errors are too small to take into account. The oxygen error 
has disappeared sinee the introduction of the purer gas manufac- 
tured by the Linde Air Products Company. 

Inspection of the bomb contents should always be made to in- 
sure that there are no sooty deposits or coal thrown from the cap- 
sule. Some coals require to be compressed into pellets to prevent 
the above. , 

The procedure outlined above, using hglf-minute intervals, saves 
considerable time (nearly one-half) over the usual procedure and 
produces very accurate results. 

Standardization of the Calorimeter. — While there are several 
ways of determining the water equivalent of the calorimeter, that is, 
the heat capacity of the apparatus expressed as though it were all 
water, only one method should be used by commercial laboratories, 
and that is to burn in the calorimeter a known weight of pure sub- 
stance, the calorific value of which has been determined by the 
Bureau of Standards, Washington, D. C. Of those furnished, ben- 
zoic acid is preferable, as it readily ignites and burns completely. 
If cane sugar should be used, a few milligrams of benzoic acid are 
necessary to assist ignition and correction must be made for its heat- 
ing value, Gane sugar does not always burn completely. 

Procure standardized benzoic acid from the Bureau of Standards,, 
Compress into pellets by means of a pellet press sufficient benzoic acid 
to produce approximately as many calories as* are given by the coal, 
that is, about 7000 calorics. Oiite gram of benzoic acid produces 
6320 calorics. Determine ^in the calorimeter the temperature rise 
produced by the benzoic a^d with the precautions used in a regular 
coal analysis, correcting for thermometer and radiation errors. Mul- 
tiply the grams of benzoic acid taken by 6320 calories, add the calories 
produced by formation of nitric acid as obtained from the titration 
and add the calories produced by the iron fuse wire. Divide this 
sum by the corrected rise in temperature? The quotient is the water- 
equivalent of the calorimeter. The*amount of water added to the 
bucket is then changed so as to mak^e the total calorimeter equivalent 
a round number, such as 2000 for the Atwater or 2900 for the Mahler, 
or 2350 for the Emerson. The water should entirely immerse the 
bomb and avoid spattering by the 'stirrer. Then standardize ^th 
the new quantity of water. The conditions of combustion should be 
as closely as possible like those prevailing during regular coal ana^sis. 
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metallurgical" analysis 


DETERMINATION OF FUSIBILITY OF COAL ASH 

This deternii nation has become of increasing iiniiortance in recent 
years, especially in relation to mechanical stokers and gas manu- 
facture. The comiiosition of the ash, not its amount, is the deter- 



Fio. 135. Hoskins Electric Furnace, Optical Eyrometer in position, Also (X) 
Method of Supporting Cone in Graphite Block. 

mining factor. Alumina is the most refractory constituent and its 
fusing-point, 2000® C., is lowered proportionately to the amounts of 
silicf, alkalies, and iron present. In many coals the amounts of all 
but the latter do not lower the fusing-point sufficiently to cai^se 




METALLURGICAli ANALYSIS 73^ 

trouble, that is, below 1400® C. The amount of iron becomes then of 
supreme importance as the last straw that breaks the camel's back. This j 
is popularly shown in the classification of coals as red ash and white 
ash. The condition of the iron is of great importance also, as in the 
ferric condition it> has but slight effect, but in ferrous condition it 
lowers the fusion-point greatly. The influence of sulphur upon 
fusing-point probably depends upon the* accompanying presence of 
iron as pyrites. In the coal bed in the presence of burning carbon 
the ferric oxide may be reduced to ferrous oxide or not, according to 
the care of the fire and the amount of oxygen supplied. This ex- 
plains discrepancies occurring between the facts of clinkering of the 
coal on the grates and the fusing-point as determined in a laboratory 
furnace. The fusing-point varies in different types of furnaces for 
the same reasons. It seems safest to choose such furnaces in labora- 
tory tests as give reducing atmospheres ‘and hence lower fusing- 
point, indicating the possible danger. 

A convenient furnace, for high temperatures especially, is the 
Hoskins Electric Furnace. The heat is generated by passing a 
heavy alternating current of low voltage through a series of carbon 
plates. Temperature is regulated by compressio'A of these plates. 
This furnace uses a CO cycle alternating current, 220 volts, about 40 
amperes. The current is transformed by an air-cooled transformer 
to a current of 10 volts. The maximum temperature produced by 
the furnace is about 2000° C. 

The coal is burned to ash at as low a temperature as possible in 
clay dishes. The ash is moistened with water and moulded into the 
shape of a Seger cone (J in. by 2J ins.) by i)ressing into a mould 
conveniently ‘made of lead. A piece of thin paper, moistened, is 
laid in the mould to facilitate removal of the cone. Some coals may 
requiije 10% dextrin paste as a binder, but ^ it is usually unneces- 
sary. The use of smaller cones has recently been advocated. The 
cones may be set in triangular holes in a Dixon graphite block and 
placed in the furnace so that the cone is horizontal, This position 
gives as concordant results as the vertical position, if not closer. 
The fusing-point is taken when the cone droops ‘into a vertical posi- 
tion. The temperature must not rise too rapidly when near the 
fusing-point, about 5° C. per minute. The temperature is con- 
veniently read by a fixed-focus total-radiation pyrometer or an op- 
tical pyrometer of the Wanner type. Reducing atmospheres pre- 
clude the use»of metallic couples at high temperatures. 

Notc. — The methods in tKis chapter are based upon those in use at the 
Mt. Prospect Laboratory, of the Department of Water Supply. Gas and Elec- 
tricity, New York City. The method for fusibility was obtain^ originally fjom 
the Laboratory of the Consolidated Gas Company, New York City. 
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Conversion of Percentages of Constituents in a Substance from one 
Moisture Basis to Another, or from Dry to Wet Basis or Vice Versa ^ 

The moisture content of a sample may vary in the original from 
that of the material analysed. For example in the analysis of coal 
the finely ground sample contains less moisture than the original lumps 
so that it is necessary to recalculate results to get the actual quantities 
present in the material as received. The results obtained bear the 
same ratio to the actual content as the total solids in the sample ana- 
lysed bear to the total .solids in the original sample. For example if 
the original lump contained 15% of moisture and the finely ground 
sample contained 10%, the ratio of total solids of the analysed to the 
original material would be 90:85 hence all results multiplied by 85/90 
would give the true percentages existing in Ihe original material. 

Rule. — Multiply all percentages by the factor obtained by divid- 
ing the percent total solids in the material to which the conversion 
is desired by the total solids in the material analyzed. 

Examples. — A. The moisture in the original sample was found to 
be 15%, the moisture in the powdered sample analysed was 10%, the 
ash in the latter was found to be 5%, what was the ash in the original 
sample? The total solids arc 85 and 90 respectively. 85 90 = .947 

and 5 X .947 = 4.75% ash in the original sample. 

B. In case the examination was made of a dry material which 

originally contained 15% moisture the factor would be 85 100 » .85 

so that 5% ash in the dry sample would be 5 X .85 - 4.25% in the 
original. 

C. Should it be desired to figure from the wet bask to the dry 
basis, in case the sample analysed contained 15% of moisture and the 
ash was 5%, then on the dry basis this would be (100 -i- 85)5 « 5.88%. 

• • 

This chapter was contribut^ed by F. Jp. Hale, Director of Laboratories, Dept. 

Water Supply, (Jas & Electricity, New* York City, 


Short Method for the Ultimate Analysis of Coal^ 

For purposes of the engineer in boiler testing, the following method for 
determining the carbon, hydrogen, and oxygen in coals has been in practical 
use for a number of years with ^ery, satisfactory results. 

An ordinary combustion of the coal is made with sodium peroxide by use 
of the calorimetric bomb or similar devices, esi)ecially adapted to total car- 
bon or sulfur detennination, as shown in Figs. 135a or 135b. The carbonate 
formed is discharged in any apparatus suitable for accurately measuring the 
carbon dioxide as shown in Fig. 135c. 

^ Method by W. W. Bcott. 

*5y S, W. Parr, University of Illinois, Urhana, Illinois. Presented before the 
Divisioh of Industrial and Engineering Chemistry at the 63rd Meeting of the 
Andean Chemical Society, Birminghata, Ala., April 3 to 7, 1923. 
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FiG.^lSSa Fi(i. 135b 

Courtesy of Industrial <fc Engmefiriiuf ChemtHtry. 

Having now tho values in hand for sulfur and B. t. u., the calculations 
are of a simple order. 


Ultimate Analysis of Coal, Moisture Free 

1. Weight of sulfur x 2777 CHloriiss from sul- 
fur as FeHj. 

2. Weight of carbon x 8080 » Calories from 
carbon. 

3. Total determined calories - (1 + 2) « Calo- 
ries from available hydrogen. 

. Calories from available hydrogtm ^ 

H450 ^ ^ 

of available hydrogen. 

5. Nitrogen present may be assumed as a con- 
stant of 1.25 pendent. 

6. Then, by iMetence, 100 -(S + C+TI + N4- 
ash as weighed) * (O + H).‘ 

7. 8/9 (O + H ) » Total oxygen. 

8. 1/9 (O + H) « Combined hydrogen. 

9. Then, combined hydrogen + available hydro- 
gen (8 + 4) = Total hydrogen. 

Fig. 135c 

Courtesy of Indugtnal A Bngineering 
ChemtHlry. 

By deriving the factors as thus indicated, we have all of the constituents 
as obtained by ultimate analysis and with a degree of accuracj^ entirely com- 
mensurate with that secured by the lon'ger process. 

' The expression (O + H) refers to the total oxygen plus that amount of hy- 
drogen necessary to combine with it to form water. This hydrogen is 
to as combined hydrogen” to differentiate it from the “available hydro|^^ 
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WATER ANALYSIS 

In actual practice the lack of real knowledge of methods for the 
determination of various iriipurities in the average water is rather 
astonishing. The impression is given the student that water analysis 
is difficult. The truth of the matter is that analysis of water de- 
pends upon certain definite and well developed methods, the only 



Fkj. 13r)d.* Platinum Evaporating Dish for Water Analysis. 

difference being in the fact that the analyst is dealing with exceed- 
ingly small quantities. 

It is possible to get complete and rapid results upon waters of all 
kinds if the analyst takes seriously reliable methods. 

It shall be our purpose in the methods which follow to give a 
system of analysis whereby a complete analysis can l;e made, and 
to follow this up with optional methods which, individually, are 
equally as good as those occurring in the system of analysis, and in 
some cases more satisfactory where the laboratory lias the required 
equipment. 
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MINERAL ANALYSIS 

1 

Outline of Procedure 

50 cc. (Certified pipette or burette) evaporated to dryneas at 270® F. in 
weighed platinum dish. Increased weight of dish represents total 
solid residue. (Can be used for SO4 when sample is small.) Ig- 
nite for organic loss. 

250 cc. Titrate with N/10 acid or alkali for alkalinity or acidity. (Can be 
re-used to make up volume of 500-cc. ixirtion when water sample 
is small.) Methyl orange indicator. 

100 cc. Titrate with N/10 AgNO^ for chlorine. 

100 cc. Acidify, boil, precipitate with filter and weigh for total sul- 

phate. (Use filtrate for Na and K when necessary.) 

100 cc. Add 2 cc. of 10 % Na2COa, evaporate to' dryness, add phenol sulphonic 
acid, dilute, then add excess of NH4OII for total nitrate. 

500 cc. Evaporate to dryness (with a few cc. of concentrated HCl when very 
accurate SiOo figure is necessary) in No. S 11. B. dish. Bake 30 
minutes, cool, add boiling HC'l (conwmtrated), dilute and filter. 

Precipitate is Si()2' Filtrate. Add a few drops of HNOg, concentrate to 50 
and silicate im- cc., cool, add NII4OH, boil and filter. 

6aSo!). uSo^Si Precipitate (Fe, AI, Filtrate.^^ Boil and add ^saturated 
great accuracy is 
necessary, it 
should be 
weighed as such, 
otherwise SiOj! 
can be removed 
by HF and eor-| 
rection made. 


toite and weigh. 
( Detiumine Mn sepa- 
rately and correct 
when necessary.) 


rnos.; may oe re-^ 
ported as such or 
as Fe and Al, 
after Qual. test, 
for phosphate has 
shown same to be 
absent. Other- 
wise both F’e and 
Phos. should be 
determined and 
weight Qorrected. 


Am. v/xaiaxe urop uy urop, oon 
and filter. 


Prec. Ca asl Filtrate Mg (and Mn), 


oxalate, 
dry, ignitel 
and weigh 
as CaCOs 
or CaO. 


add 50 cc. of concen- 
trated Sod. Phos. So- 
lution, then 50 cc. of 
NH4OH, stir well 2 
minutes or more, let 
stand 4 hours, or 
more, filter and wash 
with - 3% NHiOH. 


Note. — For industrial purposes the original addition of HCl is not al- 
ways necessary and correction for BaS04, Phojj., Mn and separation of Fe and 
Al can be dispensed with unless there is gause to suspect one to be present in 
material amoup^s. 

In the matter of mineral analysis of water, it is not so hard to 
obtain a complete analysis of the water, including the non-incrust- 
ing or " nearly always '' soluble materials as well as the incrusiittg 
materials, as it is to make numberless individual or independent 
tests, in the hope of drawing conclusions from same. The schem^e of 
an^plysis which follows is used exclusively in the writer's' Tabora- 
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tories, and when carried out as given, makes it possible to com^ 
plete analysis of a water, or a group of waters numbering up to ten, 
in the period of eight hours elapsed time, or twenty-four hours, as- 
suming the work is arranged in such a way that the magnesia pre- 
cipitates are allowed to stand overnight before filtration. On another 
page will be found a skeleton form for this complete analysis, and 
this skeleton will serve as a rough guide to the more extended dis- 
cussion which will follow. 

The complete analysis considers the quantitative determinations 
of silica, iron and aluminum, calcium, magnesium, sodium and potas- 
sium, as bases, and carbonate, hydrate, nitrate, sulphate, chloride, 
and phosphate, as radicals or acids. 

Prior to the starting of the analysis, the physical characteristics 
of the water should be noted, turbid watess should be filtered, the 
suspended matter analyzed separately when necessary, and the 
amount determined either by filtmtion and weighing of the sepa- 
rated material (alundum cones are very satisfactory), or by the dif- 
ference between two residues, one of which represerts the original 
wat.)r and one the filtered water. The mineral analysis should repre- 
sent the filtered supply. This is due to the difficulty of getting uni- 
form samples with suspended matter at different times. 


Silica, Iron, Aluminum, Calcium, Magnesitun 

Note. — If from qualitative observations the water eontains considerable 
mineral matter, smaller qiiantities varying from 100 to 250 ce. may be taken, 
or if the sample is apparently distilled or condensed and contains very little 
mineral matter, 1000 ce. .should be taken, the object being to obtain a residue 
neither too large nor too small. 0.4 to 0.0 gram is a good quantity to work on. 


Silica 

Evaporate over a free flume, then on J in. asbestos board, to dry- 
ness, 500 cc. of original water, using a No. 8 porcelain dish. Bake at 
110-130® C. or on an asbestos plate over flame for one-half hour. Mois- 
ten with 10 cc. of concentrated HCl, add 50 cc. of water, boil fifteen 
to thirty seconds and filter. Wash with hot water. 

Note. — For great accuracy, evaporate twice to dryness as above, with 
the addition, prior to the sample going to dryness, of 10 cc. of HCl, allow to 
bake as above, following from there on the usual procedure for filtration. 

The precipitate retained on the filter paper represents the silica 
or tdliceous matter, including possibly barium sulphate. Ignite and 
weigh. 
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Iron and Aluminum (Gravimetric) 

The filtrate contains iron, aluminuiii, calcium, magnesium, pos- 
sibly manganesef and phosphate. Bring to a boil, add two or three 
drops of cone. ni1«*ic acid and concentrate to about 25 cc. Remove 
from the hot plate or flame, add ammonium hydroxide in slight excess, 
boil for one or two minutes, and filter. • 

The precipitate contains iron, aluminum, and possibly phosphates. 
Burn and weigh as oxides of iron and aluminum, plus phosphates, 
and test 50 cc. of the original water with treatment in the usual way 
to determine whether or not phosphates are present. Where this 
precipitate of iron and aluminum oxides is greater than 0.01 gm. 
per liter or 8 parts per million, or where the separation of the iron 
and aluminum is advisable, the precipitate should be fused with eight 
or ten times its weight of potassium bisulphate, redissolved in water, 
the iron reduced to the ferrous condition with zinc, and titrated with 
potassium permanganate, recording the difference in weight between 
the original precipitate and the iron determination as aluminum oxide, 

Fe X 1.43 = FejOj. 


Calcium 

The filtrate from iron, aluminum and phosphate precipitate con- 
tains calcium, magnesium, and possibly manganese. Concentrate to 
about 100 cc. Add to the hot ammoniacal solution a concentrated 
(saturated) sSlution of ammonium oxalate drop by drop, or add in 
small portions, crystals of ammonium oxalate. Allow to boil two 
minutps, stirring if necessary (on account of ^ heavy precipitate and 
tendency to bump), remove, filter ^nd wash. (Five complete wash- 
ings are 'usually sufficient.) • , 

• • 

Note. — Where great accuracy is desired, the precipitate on the filter 
should be redissolved in a small amount of hot, dilute, hydrochloric acid and re- 
precipitated with ammonium oxalate. 

The calcium oxalate upon the filter paper can now be burned and 

weighed either as calcium oxide or calcium carbonate. 

• 

Note. — The burning of calcium oxalate to carbonate is not so difficult as 
it seems, as an intense heat is necessaiy*to convert it to the oxide, and if the 
crucible is well watched and the Hame gives just sufficient heat to carbonize and 
destroy the filter paper, there will be no chance whatever of any calcium oxide 
being formed, or any calcium oxalate being left. Where hypothetical combina- 
tions are used it is very convenient to have the calcium as carbonate without 
calculation. Where burned to the complete oxide it is freCjuently necessary to 
use a blast lamp, as large precipitates require a high temperature to reduce 
completely to oxide form. 
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Optional (Volumetric) 

Or it may be dissolved in 2% sulphuric acid and titrated with the 
standard solution of potassium permanganate. (N/SO KMnOi may 
be used.) i 

Note. — Where the volumetric method is to be used, five complete wash- 
ings are not, as a rule, sufficicitt, as the presence of traces of ammonia salts, 
while not interfering in any way with the gravimetric detennination, are prone 
to have considerable influence upon the volumetric results, due to the possi- 
bility of traces of ammonium oxalate still being present. 

Fe Value X 0.895 = CaCOs. 

Fe Value X 0.5016 = CaO. 

Fe Value X 0.3584 = Ca. 


Magnesium 

The filtrate contaim magmsium* Acidify with HCl, concentrate, 
if necessary, to 150 cc., add 25 cc. of saturated solution of ammonium 
sodium hydrogen phosphate (NH 4 NaHP 04 . 4H2(), microcosmic salt), 
cool and make alkaline with ammonium hydrate. Allow to stand 
at least four hours, filter and wash with 3% solution of ammonium 
hydrate. Burn and weigh as Mg2P207. 

Note. — Accurate results are also obtained with the use of sodium phos- 
phate added direct to the filtrate from the calcium precipitate without pre- 
viously acidifying with acid, with 25 (!c. to 60 cc. of ammonium hydrate added 
to make strongly alkaline, after which the solution should be very thoroughly 
stirred (for at least two minutes), using a rubber-ended glass rod. Allow to 
stand at least four hours. 

For very rapid work in either case, if the magnesium solution after pre- 
cipitation is cooled in icc-water, filtration can be frequently made in two hours’ 
time. 

For extremely accurate work the precipitate produced in either of 
the methods above should be redissolv^d in a little dilute HCl and the pre- 
cipitations repeated. 


Sulphate 

100 cc. of the water is slightly acidified with cone. HCl and 5 cc. of 
10% NH 4 CI solution added, brought to a boil, and~if turbid is filtered 
and washed four or five times with boiling water. The clear or 
original water is now brought to a. boil and 10% barium chloride 
added drop by drop to the boiling solution in slight excess. Boil 
ten minutes, stirring from time to time, if the precipitate is heavy* 
Remove and allow to cool prior to filtering. The precipitate con- 
sists of barium sulphate. Wash free from chlorides, testing with 
, AglfOj. Dry, ignite and weigh. *. 

^ BaSO. X .411 - SO,. 

BaSO, X .583 = CaSO,. 

Milligrams of BaS 04 x .338 = CaS 04 grains per gallon. 








